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ETHER SUBSTITUTED IMIDAZOPYRIDINES

Field

This invention relates to imidazopyridine compounds that have ether or thioether

substitution at the 1 -position, and that may contain additional functionality. The invention

also provides pharmaceutical compositions containing these compounds and methods of

inducing cytokine biosynthesis by administration ofthe compounds.

Background

The first reliable report on the l^r-imidazot^S-cJquinoline ring system, Backman

et aL, J. Org. Chem. 15, 1278-1284 (1950) describes the synthesis of H6-methoxy-8-

qumolinyl)-2-methyl4H-imidazo[4,5-c]quinoline for possible use as an antimalarial

agent Subsequently, syntheses ofvarious substituted l#-imidazo[4,5-<] quinolines were

reported. For example, Jain et aL, J. Med. Chem. 11, pp. 87-92 (1968), synthesized the

compound l-[2-(4-piperidyl)ethyl]-l/^imidazo[4,5H:]quinoline as a possible

anticonvulsant and cardiovascular agent Also, Baranov et aL, Chem. Abs. 85, 94362

(1976), have reported several 2-oxoimidazo[4,5-c]qiiinolines, and Berenyi et aL, L

Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5-

cjquinolines.

Certain liY-imidazo[4,5-c]quinolin-4-amines and 1- and 2-substituted derivatives

thereofwere later found to be useful as antiviral agents, bronchodilators and

immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338;

4,698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, all ofwhich are

incorporated herein by reference.

Substituted m-imidazopyridine-4-amine compounds useful as immune response

modifiers are described in United States Patent Nos. 5,446,153; 5,494,916; 5,644,063;

6,525,064; 6,545,016; and 6,545,017. The compounds described in these patents do not

have ether substitution at the 1- position. Certain li^imidazo[4,5-c]quinolin^amines

that have amide, sulfonamide, and urea functionality at the 1-position are described in U.S.

Patent Nos. 6,331,539; 6451,810; and 6,541,485.
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Despite these recent discoveries ofcompounds that are useful as immune response

modifiers, there is a continuing need for compounds that have the ability to modulate the

immune response, by induction of cytokine biosynthesis or other mechanisms.

Summary

In one aspect, the invention provides imidazopyridine compounds that have ether

substitution at the 1-position. These compounds have the general formula (la):

NH2

wherein X, W, and the various R variables are as defined herein. In other aspects, the

invention provides pharmaceutical compositions containing the compounds and methods

ofusing the compounds to achieve a therapeutic effect Such effects include the induction

ofcytokine biosynthesis, the induction of interferon biosynthesis, treatment of viral

conditions and treatment ofneoplastic conditions. In other aspects, the invention

additionally provides methods ofmaking the compounds and intermediate compounds

useful in their synthesis.

Many of the compounds of the invention have an ether linkage at the 1-position of

the compounds. The compounds may include additional substitution that occurs after the

initial ether linkage, such as aryl, heteroaryl, heterocyclyl, amido, sulfonamido, urea, and

the like. An additional set ofcompounds provided by the invention contain a thioether

linkage at the 1-position; these thioether compounds may also have additional substitution

after the initial thioether linkage, including alkyl, aryl, heteroaryl, and heterocyclyl.
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Detailed Description

Several classes of ether and thioether substituted imidazopyridine compounds are

disclosed herein. Although each has a different type ofsubstitution at the 1-position ofthe

5 compound, many ofthe substituents at the other positions ofthe imidazopyridine core can

be independently selected from the same group of radicals. Therefore, the following

system is used to describe some embodiments ofthe invention: different classes of

compounds are each described by a different general structure ofFormula la, such as lb, I-

1, 1-2, and so on. Corresponding different R, substituents for those compounds wiil be

10 similarly identified as RM , R,.2, and so on. The other substituents, which have the same

definitions for each class ofcompounds, will have common designations such as X, Y, Z,

Ra, R3, R», R5, and so on. Ifthe same variable appears twice in a particular substituent or

compound, such as in " -NOW, then each instance ofthe variable can be independently

selected from the permitted values for the variable.

15 In one aspect, compounds ofthe invention are repeseutedby Formula la:

X is -CH(R5>, -CH(R5)-aIkylene-, -CH(R5>alkenylene-,

or CH(R5)-alkylene-Y-alkylene-;

Yis-0-,or-S(0)o.2-;

-W-R| is selected from -O-Rn.5 and-S(0)o.2-Rt^;

Ri-i-s is selected from

20

wherein:

30

-R«-C(R7>-^-R«-alkvl;

-RrC(R7)-Z-Rs-alkenyl;

-R«-C(R7>-Z-R«-aryl;

-Re-CQ&jy-Z-Rt—heteroaryl;

3
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-Rfi-C 7̂)-Z^s—heterocyclyl;

-R^-C(R7)-Z-fl;

-R«-N(R9)-C(R7)-R«-alkyl;

-R«-N(R9>-C(R7>-R«-aIkenyl;

5 -R«-N(R9>-C(R7)-R«-aryl;

-R«-N(R9)-C(R7)-R«-4ieteroaryl;

-R*-N(R9>-C(R7)-R8-heterocyclyl;

-R6-N(R9)-S02-R8-alkyl;

10 -R«—N(R9)-S02-R«-alkenyi;

-R«-N(R9>^SOr-Rr-aryl;

-Rfi-N(R9>-S(VRHieteroaiyl;

-Rfi-N^9>-S02-Rr*eterocyclyl;

-R6-N(R9)-S02-Rio;

15 -Re-NOE^^SOz-N^Rs-alkyl;

-Re-NCRsJ-SOi-NCRj^Rg-alkenyl;

-Re-N^SC^-N^Rs-aryl;

-R6-N(R9)-S02-N(R5)-R8-heteroaryl;

-R6-N(R9)-S02-N(R5)-R8-heterocyclyl;

20 -Re-N(R9)-S02-NH2;

4^N(R9)^(R7)-N(R5)^Rr-alkyl;

-R^N(R,)-C(R7)-N(R5>-Q-Riralkenyl;

-Rc-NCR^^-NCRs^Rg-aryl;

-Re-NCR,)- C(R7)-N(R5>-Q-R8-heteroaryl;

25 -R^CR^CCRTj-NCRjH^-Ra-heterocyclyl;

-Rfi-N^-^-NCRs^;

-Rfi-NCRsK^J-NCRnHJ-Ry-alkyl;

-R6-N(R9)-C(R7)-N(RU>-Q-R^alkenyl;

30 -R6-N(R9>-C(R7)-N(Rn)-Q-R«-aryl;

-Rc-N(R9)- C(R7)-N(R,,)-Q-RHieteroaryl;

4
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-R<r-N(R*>- C(R7)-N(Rn>-Q-RHieteiocyclyl;

^NO^)- C(R7)-N(Rn)H;

-alkenyl;

-aryl;

5 -R«-aiyl;

-heteroaryl;

-heterocyclyl;

-IV* heteroaryl; and

-R$-heterocyclyl;

10 Zis^N(R5K-<>-,or--S-;

Q is a bond, -CO-, or -SCfe-;

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or

heteroaromatic ring that contains up to three heteroatoms;

Ri-6 is selected from:

15 -alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

20 -FU-aryl;

-R$- heteroaryl; and

-Rs-heterocyclyl;

each R5 is independently hydrogen, CMO alkyi, or C2-i0 alkenyl;

R* is alkylene, aDcenylene, or alkynylene, which may be interrupted by one or

25 more -O- groups;

R7 is=Oor=S;

R« is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one
or more -O- groups;

R9 is hydrogen, CM0 alkyl, or aryialkyl; or R* canjoin,together with any carbon

30 atom ofR* to form a ring ofthe formula

5
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9

Rio is hydrogen or CMo alkyl; or R9 and Rio can join together to form a ring

selected from

— N~C(R7) —N-S02

Rl2
and *« .

5 Ru is Cmo alkyl; °r R9 and Ru can join together to form a ring having the

structure

-N-C(R
7)

( y-
9

R12 is C2.7 alkylene which is straight chain or branched, wherein the branching

does not prevent formation of the ring; and

10 Rx, Ry and Rz are independently selected from hydrogen and non-interfering

substitutents;

or a phannaceuticaUy acceptable salt thereof; wherein the compound or salt ofFormula la

induces the biosynthesis ofone or more cytokines.

15 Compounds ofFormula lb

In one embodiment, compounds ofthe invention are represented by Formula lb:

20 (lb)

wherein:

X is -CH(R5>, -CH(R5)-alkylene., -CH(R5}-alkenylene-, or

CH(R5)-alkylene-Y-alkylenes

6
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-W-Ri is selected from -O-Rm-s and-S(0)o-2-Ri-6;

Ri-i-s is selected from

-R<r€(R7)-Z-Rs-aIkyl;

-Rc-C(R7>-Z-R8-alkenyl;

-R«-C(R7>-Z-R8—aryl;

-R^-C(R7)-Z^-R«—heteroaryl;

-R«-C(R7)-Z-R8—heterocyclyl;

-Rfi-C(R7)-Z-H;

-Rff-N(R9) -C(R7>-R8-alkyl;

-R«-N(R9) -C(R7)-Rs—alkenyl;

-R«-N(R9>-C(R7)-Rs-aryl;

-R<r-N(R9)-C(R7)-R«-heteroaryl;

-R6-N(R9>-C(R7>-R^-heterocyclyl;

-Rs-N^-CCRtV-Rw;

-Rs—N(R9)—SO2—R«—alkyl;

-Rs—N(R9)—S02—Rg—alkenyl;

-R€-N(R9)-S02-Rs-aryl;

-R«-^(R9>-SOr-R8-*eteroaryl;

-Re-NCR^J-SOr-RfHieterocyclyl;

-R<-N(R9)-S02-Rio;

-R6-N(R9)-S02-N(R5)-R8-alkyl;

-Re-N^SOrNCRj^Rg-alkenyl;

-R5-N(R9>S02-N(R5>R8-aiyl;

-R^-N(R9)-S02-N(R5>Ra-heteroaryl;

-R6-N(R9)-S02-N(Rs)-R8-heterocyclyl;

-R«-N(R9)-S02-NH2 ;

-RH^(R9)-C(R7)-N(R5)-Q-Rr-alkyl;

-R6-N(R9)-C(R7)-N(R5)-Q-R8-alkeiiyl;

-R5-N(R9)-C(R7)-N(R5)-Q-Rr-aryl;

-Rs-N(R9)~QR7)-N(R5)-Q-R«-iieteroaryl;

-Rr-N(R9>- CCR7)-N^l5)-Q-R8-heterocyclyl;

-Rs-N^^^-N^;
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-R^J(R9)-C(R7)—N(Ri !>-Q-R^alkyl;

«R6^(R^>HC(R7)-N(Rn)^Rr^eiiy!;

*R<rN(R9>^7)-N(Rn)^R^aryl;

-R6-N(R9)- C^h-NtRnHJ-Rs-heteroaryl;

-R€-N(R9>- C(R7)--N(Ru)-Q--RHieterocycly];

-R<rN(R9>- C(R7)-N(Rn)H;

-alkenyl;

-aryl;

-Re-axyl;

-heteroaryl;

-heterocyclyl;

-R6- heteroaryl; and

-R$-heterocyclyl;

Ri-6 is selected from:

-alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

-R«-aryl ;

-Re- heteroaryl; and

-Rff-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

8
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-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

5 -OH;

-halogen;

-N(R5)2;

-QOKmo alkyl;

-C(0>0-Cmo alkyl;

10 -N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

15 <XO)-heteroaryl;

Yis-0-or-S(0)o.2-;

Zis-N(R5)-,-0-,or-S-;

Q is a bond, -C(OK or ~SOr-;

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or

20 heteroaromatic ring that contains up to three heteroatoms;

R3 and R4 are independently selected from the group consisting ofhydrogen, CM0
alkyl, C2-10 alkenyl, C2.10 a&ynyl, CM0 alkoxy, d.I0 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, CM0 alkyl, or C2-io alkenyl;

25 R* is alkylene, alkenylene, or alkynyiene, which may be interrupted by one or

more -O- groups;

R7 is=Oor=S;

R« is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one

or more -O- groups;

30 R9 is hydrogen, CH0 alkyl; or arylalkyl; or R9 canjoin together with any caibon

atom ofR* to form a ring of the formula

9
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y—
>

Rio is hydrogen or Cmo alkyl; or R9 and Rio canjoin together to form a ring

selected from

-N-C(R7) —N-S02

and
R^

;

5 Rn is Cmo alkyl; orR9 and Rn canjoin together to form a ring having the

structure

-N-C(R,)

( y-
; and

R12 is C2.7 alkylene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring,

10 or a pharmaceutical^ acceptable salt thereof.

Compounds ofFormula 1-1

One embodiment includes a class ofcompounds represented by Formula (1-1):

15

(I'D

20 wherein:

X is -CH(R5)-, -CH(Rs>aIkylene-, -CHO^alkenylene-, or

CH(R5)-alkylene-Y-alkylene-;

Rm is selected from the group consisting of:

-Rs-C(R7)-Z^R«-alkyl;

10
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-R<rC(R7)-Z>-R8-aIkenyl;

-Re-C^-Z-Rg-aryl;

-R«-C(R7)-Z-R«-heteroaryl;

-RHX^Z-O^—heterocyclyi;

-R«-C(R7)-Z-H;

-Rfi-N(R,) -€CR7)-R«-alkyi;

-R<rN(Ri>) -C(R7)-R«-aIkenyl;

-R^N(R9)-C(R7)-Rr-heteroaryi;

-I^-NO^HXR^Rj-heterocyclyi; and

Z is-N(R5)-, -O-, or-S-;

Ra is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-aflcylene-Y-alkyl;

-alkylene-Y- alkenyl;

-aBcylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(O)-C,.10 alkyl;

-C(0)-0-C,-,o alkyl;

-N3;

-aryh

-heteroaryl;

11
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-heterocyclyl;

-C(0)-aryl; and

-C(0>heteroaryl;

Yis-0-or-S(0)o.2S

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo
alkyi, C2.10 alkenyl, C2-10 alkynyl, CM0 alkoxy, Cm0 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, Cmo alkyi, or C2-io alkenyl;

R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

R7 is=Oor=S;

Ra is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one

or more-O- groups;

R9 is hydrogen, CM0 alkyi, or arylalkyl; orR9 can join together with any carbon

atom ofR$ to form a ring ofthe formula

(CH2)3-8

Rio is hydrogen or Cmo alkyi; or R9 and Rl0 canjoin together to form a ring

selected from

-N-C{R7)

12 ;and

R12 is C2-7 alkylene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring;

or a pharmaceutically acceptable salt thereof.

12
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Compounds ofFormula 1-2

Another embodiment includes a class ofcompounds represented by Formula (1-2):

a-2)

wherein:

X is -CH(RjK -CH(Rs)-alkylene-, -CH(R5)-alkenylene-, or

CH(R5>alkylene-Y-alkylene-;

Ri-2 is selected from the group consisting of:

-R«-N(R9)-SOz-Rg-alkyl;

-R6-N(R9)-S02-R«--alkenyl;

-Rfi-NCRgy-SOr-Rg-aryl;

-R*-N(R9)-502-R«-heteroaryl;

-R^-N(R9)-S02-R«-heterocyclyl;

-R6-N(R9)-SO2-Ri0;

-Rs-NOR^-SCb-N^Rg-alkyl;

-Rs-NCRsVSOz-NOl.s^Rg-alkenyl;

-Re-NCRO-SOz-N^Rg-aryl;

^-NCRs^SOa-NCRsVRg-heteroaryl;

-Rfi-N^^C^-N^s^R^heterocyclyl; and

-R6-N(R9)-S02-NH2;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryi;

-heterocyclyl;

-alkylene-Y-alkyl;

13
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-aDcylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(0>Cmo alkyl;

-C(0)-0-Cmo alkyl;

-N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(0)-heteroaryl;

Yis-0-or-S(0)o.2S

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo

alkyl, C2.10 alkenyl, C2.io afleynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl;

R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

R$ is a bond, alkylene, alkenylene, or alkynylene, whichmay be interrupted by one

or more -O- groups;

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon

atom of to form a ring of the formula

Rio is hydrogen or Cmo alkyl; or R9 and Rio canjoin together to form a ring having

(^^2)3-8

the structure

14
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—:N—so2

*" ;and

R12 is C2.7 aDcylene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring;

or a pharmaceutically acceptable salt thereof

Compounds ofFormula 1-3

Another embodiment includes a class ofcompounds represented byFormula (1-3):

rI X-O— R,4

(1-3)

wherein:

X is -CH(R5)-, -CH(Rs)-aIkylene-, -CH(Rs>alkenylene-, or

CH(R5)-alkylene-Y-alkylene-;

Ri-3 is selected fiom the group consisting of:

-Re-NCR,}- C(R7)-N(R5)-<HValkenyl;

-R«-N(Rg)- C(R7)-N(R5)-Q-IVaiyl;

-R«-N(R9)-. C(R7)-N(R5)^I^eten>aryl;

-Rs-N^CCRy^NCRsH^R^eterocyclyl;

-R«-N(R9)- C(R7)-N(R5)2;

-VNC^K^-iTa;

-R^N(R9^C(R7)-N(RlI)-Q-R8-a]kyl;

-R<s-N(R9)- C(R7)-N(R„)-Q-R^alkenyl;

-R«-N(R9>- C^J-NCR,^-JV-aiyl;

-R<r-N(R9>- CXR.y-NCRuKJ-RHieteroaryl;

15
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-R<r-N(R*>- C(R7)—NfRnHH^heterocycljd; and

-R*-N(R9>- C(R7)-N(R„)H;

Ra is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2 ;

-C(0)-Cmo alkyl;

-C(O>O-Cm0 alkyl;

-N3 ;

-aryi;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(0>heteroaryl;

Yi&-0-or-S(0)o-2-;

Q is a bond, -€(0)-, or -SOr-;

A represents the atoms necessary to provide a 5- or 6- membered heterocyclic or

heteroaromatic ring that contains up to three heteroatoms;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo
alkyl, Cmo alkenyl, C2-10 alkynyl, CM0 alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

16
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eachR5 is independently hydrogen, Cm0 alkyl, or C2-10 alkenyl;

R6 is alkylene, alkenylene, or alkynyiene, which may be interrupted by one or

more -O- groins;

eachR7 isOor==S;

Rs is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one

or more -O- groups;

R9 is hydrogen, CM0 alkyl, or arylalkyl; or R9 can join together with any carbon

atom ofR* to form a ring ofthe formula

?—

10 R,
,
is CM0 alkyl; or R9 and Ru canjoin together to form a ring having the

structure

— N~C(R7)

( y-

or a phannaceutically acceptable salt thereof.

1 5 Compounds ofFormula 1-4

Another embodiment includes a class ofcompounds represented by Formula (1-4):

(1-4)

20 wherein:

X is --CHORs)-, -CH(R5>alkylene., -CH(R5>alkenylene-, or

CH(R5)-aIkyIene-Y-aIkylene.;

Rm is selected from the group consisting of:

-alkenyl;

25 -aryl; and
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-R^aryl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(O)-CM0 alkyl;

-C(0)-0-Cmo alkyl;

-N3 ;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryl;

Yis-0-or-^3(0)o-2S

R3 and R4 arc independently selected from the group consisting ofhydrogen, Q.jo

alkyl, Cmo alkenyl, C2-10 alkynyl, CM0 alkoxy, CMo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, C1-10 alkyl, or C2-10 alkenyl; and

FU is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

or a pharmaceutical^ acceptable salt thereof
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Compounds ofFormula 1-5

Another embodiment includes a class ofcompounds represented by Formula (1-5):

wherein:

X is -CH(R5K -CH(R5)-alkylene-, -CH^alkenylene-, or

CH(R5)-alkylene-Y-alkylene-;

R1.5 is selected from the group consisting of:

-heteroaryl;

-heterocyclyl;

-R$- heteroaryl; and

-R*-4ieterocyclyl;

Ra is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;
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-NCR*)*

-C(0>-Cmo alkyl;

-C(O)-O-CM0 alkyl;

-N3;

5 -aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(0)-heteroaryl;

10 Yis-Oor-5(0)o-2S

R3 and R4 are independently selected from the group consisting ofhydrogen, C\.\o

alkyl, C2-10 alkenyl, C2-10 alkynyl, Cm0 alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and

15 R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

or a pharmaceutical^ acceptable salt thereof.

Compounds ofFormula 1-6

20 Another embodiment includes thioether compounds represented by Formula (1-6):

(1-6)

25 wherein:

X is -CH(R5)-, -CH(R5)-alkyiene-, ~CH(R5)-alkenylene~, or

CH(R5>alkylene-Y-alkylene-;

Ri^ is selected from the group consisting of:

-alkyl;

30 -aryl;

20
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-heteroaryl;

-heterocyclyl;

-alkeayl;

-R<r-aryl;

-R<r- heteroaryl;

-R$-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene~Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2 ;

-C(0)-Cmo alkyl;

~C(O>O-Ci.10 alkyl;

-N3 ;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(0)-heteroaryl;

Yis-0~or^S(0)o.2S

21
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R3 and R4 are independently selected firom the group consisting ofhydrogen, Cmo

alkyl, C2-io alkenyi, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

dialkyiamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2-io alkenyl; and

5 is alkylene, alkenylene/or alkynylene, which may be interrupted by one or

more -O— atoms;

or a pharmaceutical^ acceptable salt thereof.

Intermediate Compounds

• 10 Another aspect ofthe invention includes intermediate compounds ofFormulas H,

IV, V, LVIII, LDC-1, IiX-2, LDC-3, LIX-4, LDC-5, LXXVm, LXXDC, LXXX-4, and

LXXX-5.

In one embodiment, a class ofintermediate compounds is represented by Formula

H:

15

(H)

wherein

X is -CH(Rs>, -CH(R5)-alkylene-, -03(Rs>alkenylene-, or

20 CH(R5)-aDcylene-Y-alkylene-;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

25 -aryl;
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-heteroaryi;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

-alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2 ;

-C(0)-Cmo alkyl;

-C(0)-0-Ci.to alkyl;

-N3;

-aryl;

-heteroaryi;

-heterocyclyl;

-C(0)-aryl;and

-C(0)-heteroaryl;

Yis-0-or-S(0)a.2-;

R3 and R» are independently selected from the group consisting ofhydrogen, Cm
alkyl, C2 .10 alkenyl, C2.io alkynyl, CM0 alkoxy, C^o alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, Ci-10 alkyl, or C2-10 alkenyl;

R* is alkylene, alkenyiene, or alkynylene, which may be interrupted by one or

more -O— atoms; and

R9 is hydrogen, CM0 alkyl, or arylalkyl; or R9 canjoin together with any carbon

atom ofR6 to form a ring ofthe formula

or a pharmaceutical^ acceptable salt thereof.
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In another embodiment, a class ofintermediate compounds is represented by

FormulaW:

X is -CH(R5)-, -CH(R5>alkyiene-, -CH(R5)-alkenylene-, or

CH(R5)-alkylene-Y-alkylenes

Ri-6 is selected from the group consisting of:

-alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

-R$-aryl;

-R^- heteroaryl;

-Rs-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

OPh

(IV)

wherein:
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-aflcyiene-Y-alkyl;

- alkyene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-C(0)-C,.,o alkyl;

-W-O-Cmo alkyl;

-N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryl;

Yis-0-or-S(0)o.2-;

R3 and R4 are independently selected from the group consisting ofhydrogen, C,.I0

alkyl, C2-io alkenyl, C2-i0 alkynyl, C,.,0 alkoxy, Cwo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, C,.,0 alkyl, or C2-10 alkenyl; and

R« is alkylene, aDcenylene, or alkynylene, which may be interrupted by one or

more —O— atoms;

or a phannaceutically acceptable salt thereof.
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In another embodiment, a class of intermediate compounds is represented by

Formula V:

S(0)w

(V)

wherein:

X is -CH(R5>, -CH(R5)-alkylene^ -CHflR^alkenylene-, or

CH(R5>alkylene-Y-alkylene-;

Ri-6 is selected from the group consisting of:

-alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

-Rs-aryl;

-R^- heteroaryl;

-R$-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

•alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;
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- alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one ormore substituents selected from the

group consisting of:

-OH;

-halogen;

-N(Rs)2;

-C(0)-Ci-io alkyl;

-C(0)-0-CHo alkyl;

-N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

15 -C(0)-hetaoaryl;

Yis-0-or-S(0)o.2-;

R3 and R, are independently selected from the group consisting ofhydrogen, C,,

alkyl, C2.l0 alkenyl, C2.10 alkynyl, C,.10 aflcoxy, C,.I0 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

Rs is alkylene, alkenylene, or alkynylene, which may be interruptedby one or

more -O— atoms;

or a pharmaceutically acceptable salt thereof.

10
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In another embodiment, a class ofintermediate compounds is represented by

Formula LVIII:

O

(LVm)

wherein

X is -CH(R5)-, -CH(R5>alkylene-, -CH(R5)-alkenylene-, or

CH(R5>aIkylene-Y«aIkylene-;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

-alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(O>CM0 alkyl;

-C(O)-O-Cm0 alkyl;
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-N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(OHeteroaiyl;

Yis-0-or-S(0)o.2-;

R3 and R4 arc independently selected from the group consisting ofhydrogen, C,

alkyl, C2.,0 alkenyl, C2-10 alkynyl, Cmo alkoxy, C,.,0 aUcylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R$ is independently hydrogen, C,.,0 aBcyl, or C2-io alkenyl;

Rs is alkyiene, alkenylene, or alkynylene, which may be interrupted by one or

more-O— atoms; and

R9 is hydrogen, CM0 alkyl, or arylalkyU orR9 canjoin together with any carbon
atom ofRfi to form a ring ofthe formula

-10

r
(CH2)M

or a pharmaceutically acceptable salt thereof.

In another embodiment, a class of intermediate compounds is represented by
Formulas LK-1, LK-2, and LDC-3

:

wherein:

Ri-1.2,3 is R1-1 in LDC-1, R,.2 b LK-2, and R,.3 in LK-3;

X is -CH(R5)-, -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or
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CH(R5)-alkyien.e-Y-alkylene-;

Ri-i is selected from the group consisting of:

-R€-C(R7)-Z-R8—alkyl;

-R«-C(R7>-Z-R8—alkenyl;

5 -R€-C(R?)-Z-R«-aryl;

-R«-C(R7>-Z-R8—heteroaryl;

-Re-CCRvVZ-Rg—heterocyclyi;

-R«rC(R7)-Z-H;

-R6-N(Rs) -C(R7)-R«-alkyl;

10 -R^-NCRg) -C(R?)-R8-alkenyl;

-R(H^(R9>-C(R7)-R8-aiyl;

-R6-N(R9)-C(R7)-Rr-tieteroaryl;

-Rs-N(R9>-C(R7)-R8-^eterocyclyl; and

-R<rN(R9)-C(R7>-Rio;

IS Ri-2 is selected from the group consisting of:

-R6-N(R9)-S02-R8-a]kyl;

-Re—N(R>)—SO2—Rg-alkenyl;

-R6-N(R9)-SOr-R8-aiyl;

-Rs-NCE^y-SOz-RHieteroaryl;

20 -R6-N(R9>-S02-Rs-4ieterocyclyl;

-R6-N(R9)-S02-Rio;

-R6-N(R9)-S02-N(Rs>R8-alkyl;

-R6-N(R9>-S02-N(R5>R8-alkenyl;

-R6-N(R9)-S02-N(Rs)-R8-aryl;

25 -R6-N(R9)-S02-N(R5)-R8-heteroaryl;

-Re-N^-SOrNCRsJ-Rg-heterocyclyl; and

-R6-N(R9)-S02-NH2;

R1.3 is selected from the group consisting of:

-Rs-N(R9)^(R7)-N(R5)-Q-R(ralkyl;

30 -R6-N(R9)-C(R7)-N(R5>-Q-R8-alkenyl;

-R^N^T-C^-NCRiH^-Rr-aiyl;

-R«-N(R9>- C(R7)—N(R5)-Q-Rg-heteroaryl;
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-Rfi-N(R>>- C{R7)-N(R5H^R^heterocyclyI;

-I^(Ri)-C(R7)-N(R, ,)-Q-Rr-aIkyl;

-R^-N^y-C^-NCR,,)-Q-Rs-aIkenyi;

-IV-NCR^K^R^-NOl,,)-Q-Rr-aryl;

-R<5-N(R*)-C(R7)-N(Ru)-Q-RHieteroaryI;

-R*-N(R,)- C(R7)-N(R„)^RHieterocyclyk and

-Rff-N(R9>- CCR^NCRn)!!;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one ormore substituents selected from the

group consisting of:

-OH;

-halogen;

-C(0)-Ci-io alkyl;

-C(0>-0-CWo alkyl;

-N3 ;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and
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-<XO)-heteroaryi;

Yis-O~or-S(0>«s

Z is-N(R5>-, -O-, or -S-;

Q is a bond, -CO-, or -SOr-;

5 A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or

heteroaromatic ring that contains up to three heteroatoms;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo
alkyl, C2-10 alkenyl, Cmo alkynyl, Cmo alkoxy, C^o alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

10 each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl;

R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

R7 is=Oor=S;

Ra is a bond, alkylene, alkenylene, or alkynyleile, which may be interrupted by one

15 or more-O- groups;

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 canjoin together with any carbon

atom ofR* to form a ring of the formula

<CH!>M .

R10 is hydrogen or Cmo alkyl; or R$ and R|0 can join together to form a ring

20 selected from

-N-qR,) —n-so2

*" and
R«

;

Ru is Cmo alkyl; or R9 and Ru canjoin together to form a ring having the

structure

( y-
(CH2>2

-7
; and

25 R!2 is C2.7 alkylene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring;

or a pharmaceutical^ acceptable salt thereof

32



WO 03/103534
PCT/US03/17659

In another embodiment, a class ofintermediate compounds is represented by

Formulas LDC-4, and LDC-5:

(LDC-4

LDC-5)

wherein:

Rm.s isRM in LDC-4, and Ri-5 in LDC-5;

X is -CH(R5X -OT(R5)-alkylene-, -OI(R5)-aIkenylene-s or

CH(R5)-aIkylene-Y.alkyteaes

Rm is selected from the group consisting of:

-alkenyl;

-aryl; and

-Rs-aryl;

Ri_5 is selected from the group consisting of:

-heteroaryl;

-heterocyclyl;

-R«- heteroaryl; and

-Rs-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and
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- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(OKmo alkyl;

-C(0)-0-CMo alkyl;

-N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

-C(0>heteroaryi;

Yi&-0-or-S(OVr;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo aIk>rl
* or C2-10 alkenyl; and

R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

or a pharmaceutical^ acceptable salt thereof.

In another embodiment, a class of intermediate compounds is represented by

FonnulaLXXVm:

"4

O

BOC

(Lxxvm)

wherein
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X is -CH(R5>, <M(R5>alkylene-, -CH(R5)-aIkenylen^, or

CH(R5)-aIkyIene-Y-aIkylen6-;

Yis-0-or-S(0)o.2-;

BOC is tert-butoxycarbonyl;

5 each R$ is independently hydrogen, C,.,0 alkyl, or C^o alkenyl;

R3 and R4 are independently selected from the group consisting ofhydrogen, Q.
alkyl, C2.10 alkenyl, Cmo alkynyl, C,.10 alkoxy, Cwo alkyithio, amino, alkylamino,

dialkylamino, halogen, and nitro;

Rc is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

10 more-O— atoms;

R9 is hydrogen, C,.10 alkyl, or arylalkyl; or R, canjoin together with any carbon

atom ofR« to form a ring ofthe formula

10

T is selected from nitro and amino;

15 or a pharmaceutically acceptable salt thereof

In another embodiment, a class ofintermediate compounds is represented by
Formula LXXDC:

(LXXDt)

20 wherein

X is -CH(R5)-, -CH(R5)-alkylene-, -CH(Rs>aIkenylene-, or

CH(R5)-alkylene-Y-alkylene-;

Yis-0-or-S(0)a.2-;

R3 and R, are independently selected from the group consisting ofhydrogen, C,.,0

25 alkyi,.C2-,o alkenyl, C2.,0 alkynyl, C,.,0 alkoxy, C,.,o alkyithio, amino, alkylamino,

dialkylamino, halogen, and nitro;
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eachR5 is independently hydrogen, Cuo alkyi, or C2-io alkenyl; and

T is selected from nitro and amino;

or a pharmaceutically acceptable salt thereof

In another embodiment, a class ofintermediate compounds is represented by

5 Formulas LXXX-4 and LXXX-5:

(LXXX-4
LXXX-5)

10 wherein

Rm, s is Ri-4 in LXXX-4, andRM in LXXX-5;

X is -CH(R5K -CH(R5)-alkylene-, -CH(R5)-alkenylene~, or

CH(R5>alkylene-Y-alkylene.;

Yis-0-or-S(0)o-2-;

1 5 Rus is selected from the group consisting of:

-heteroaryl;

-heterocyclyl;

-R«~ heteroaryl; and

-R^ieterocyclyl;

20 RM is selected from the group consisting of:

-alkenyl;

-aryi; and

-R<raryl;

Rj and R4 are independently selected from the group consisting ofhydrogen, CM0
25 alkyl, C2.10 alkenyl, C2-io alkynyl, CM0 alkoxy, CM0 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, CM0 alkyl, or C2-10 alkenyl;
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R« is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more —O— groups; and

T is selected from nitro and amino;

or a phannaceutically acceptable salt thereof.

Preparation ofthe Compounds

Some embodiments ofthe invention including compounds Formula 1-6 and

intennediate compounds can be prepared according to Reaction Scheme I where R,^ R2,

R3, R4, and X are as defined above and Ph is phenyl.

In step (1) ofReaction Scheme I, a 2,4-dmydroxy^-nitropyridine ofFormulaX is

chlorinated using conventional chlorinating agents to provide a 2,4-dichloro-3-

mtropyridine ofFormula XL Preferably, a compound ofFormulaX is combined with

phosphorous oxychloride and heated. Many 2,4^ydroxy-3-mtropyri<Unes are known
and others can be readily prepared using known synthetic methods, see for example,

15 Lindstrom et aL, U.S. Patent No. 5,446,153 and the references cited therein.

In step (2) ofReaction Scheme I, a 2,4^chloro-3-nitropvridine ofFormula XI is

reacted with an amine of formula HO-X-NH2 to provide a 2^Woro-3-nitropyridine of
Formula XIL The reaction can be carried out by adding the amine to a solution ofa
compound ofFormula XI in a suitable solvent such as N^niimethylformamide in the

20 presence oftriethylamine. Many amines ofthe formula HO-X-NH2 are commercially

available; others can be readily prepared using known synthetic methods.

In step (3) ofReaction Scheme I, a 2-cMoro-3-nitropyridine ofFormulaXH is

reacted with sodium phenoxide to provide a 3-nitro-2-phenoxypyridine ofFormula XHI.
Phenol is reacted with sodium hydride in a suitable solvent such as tetrahydrofuran to

25 form the phenoxide. The phenoxide is then reacted at an elevated temperature with a
compound ofFormula XIL

In step (4) ofReaction Scheme I, a 3-mtro-2-pfaenoxypyridme ofFormulaXm is

chlorinated using conventional cmorinating agents to provide a 3-mtro-2-phenoxypyridine

ofFormula XIV. Preferably, the reaction is carried out by combining a compound of
30 Formula Xffl with thionyl chloride in a suitable solvent such as dichlorometfaane and

heating.
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In step (5) ofReaction Scheme I, a 3-nitro-2-phenoxypyridine ofFormula XIV is

reduced to provide a 2-phenoxypyridine-3,4-diamine ofFormula XV. Preferably, the

reduction is carried out using a conventional heterogeneous catalyst such as platinum on

carbon. The reaction can be conveniently carried out on a Parr apparatus in a suitable

5 solvent such as toluene or acetonitrile.

Alternatively in step (5), Ni2B can be generated in situ from sodium borohydride

and NiCl2 in the presence ofmethanol. A compound ofFonnulaXTV can be added to the

resulting reducing agent solution to effect reduction ofthe nitro group. When a compound

ofFonnula XIV contains an alkenyl, alkynyl, alkenylene or alkynylene moiety, the Ni2B

10 reducing agent can be used without reducing these moieties. The product can be isolated

from the reaction mixture using conventional methods.

In step (6) ofReaction Scheme I, a 2-phenoxypyridme-3,4-diamine ofFormulaXV
is reacted with a carboxylic acid or an equivalent thereofto provide a 4-phenoxy-l/f-

imidazo[4,5-c]pyridine ofFonnula XVI. Suitable equivalents to a caiboxylic acid include

15 orthoesters, and 1,1-dialkoxyalkyl alkanoates. The caiboxylic acid or equivalent is

selected such that it will provide the desiredR2 substituent in a compound ofFonnula

XVL For example, triethyl orthofonnate will provide a compound where R2 is hydrogen

and trimethyi orthovalerate will provide a compound where R2 is butyl. The reaction can

be run in the absence of solvent or in an inert solvent such as toluene. The reaction is run

20 with sufficient heating to drive offany alcohol or water formed as a byproduct of the

reaction. Optionally, a catalyst such as pyridine hydrochloride can be included.

Alternatively, step (6) can be carried out by (i) reacting the diamine ofFonnula

XV with an acyl halide ofFonnulaR2C(0)C1 or R2C(0)Br and then (ii) cyclizing. In part

(i), the acyl halide is added to a solution of the diamine in a suitable solvent such as

25 pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product

ofpart (i) is heated in pyridine in the presence ofpyridine hydrochloride.

In step (7) ofReaction Scheme I, a 4-phenoxy-l//-imidazo[4
>5-c]pyridine of

Fonnula XVI is reacted with a compound ofFormula R^SNa to provide a 2-phenoxy-l//-

imidazo[4,5-c]pyridine ofFormula III. Preferably, a thiol ofthe FonnulaR^SH is reacted

30 with sodium hydride in a suitable solvent such as N^-dimethylfonnamide to generate the

anion, which is then reacted with a compound ofFormula XVI.
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In step (8) ofReaction Scheme I, a 4^henoxy-U?-imidazo[4,5-<:]pyridme of

Formulam is aminated to provide a li7-imidazo[4,5-c]pyridm-4-amine ofFormulaXVH
which is a subgenus ofFormula 1-6. The reaction can be carried out by combining a

compound ofFormulam with ammonium acetate and heating (140 - 160°C). Optionally,

5 the reaction can be carried out in a pressure vessel. The product or a pharmaceutically

acceptable salt thereofcan be isolated using conventional methods.

In step (9) ofReaction Scheme I, a lF-hmdazo[4,5K:]pvridm-4-armne ofFormula

XVH is oxidized to provide a lH-M<iw[4,5-c}pytidm-4-amme ofFormula XVHI which
is a subgenus ofFormula 1-6. Preferably, a solution of a compound ofFormulaXVH in a

10 suitable solvent such as chloroform or dichloromethane is treated with 3-

chloroperoxybenzoic acid. The degree ofoxidation is controlled by adjusting the amount

of3-chloroperoxybenxzoic acid used in the reaction; Le., using approximately one

equivalent will provide the sulfoxide whereas using two equivalents will provide the

sulfone. The product or a pharmaceutically acceptable salt thereof can be isolated using

15 conventional methods.

Alternatively, steps (8) and (9) ofReaction Scheme I can be reversed as shown in

steps (10) and (1 1). In step (10) ofReaction Scheme I, a 4-phenoxy-liy-imidazot4,5-

cjpyridine ofFormula HI is oxidized as in step (9) to provide a 4-phenoxy-l#-

irmdazo[4,5-c]pyridm-4-amine ofFormula XLHI. Preferably, the oxidation reaction is

20 carried out at a reduced temperature, for example, about 0 °C. The product or a

pharmaceutically acceptable salt thereofcan be isolated using conventional methods.

In step (1 1) ofReaction Scheme I, a 4-phenoxy-lff-inuo^[4^-c]pyridin-4-amine

ofFormulaXLm is aminated as in step (8) to provide a ltf-inndazo[4,5-c]pyridin-4-

amine ofFormulaXVm which is a subgenus ofFormula 1-6. The product or a

25 pharmaceutically acceptable salt thereofcan be isolated using conventional methods.
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Reaction Scheme I

Some embodiments ofthe invention including compounds ofFormula 1-1, 1-2, 1-3,

and intermediate compounds can be prepared according to Reaction Scheme H where RM ,
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2,
3
(Ri -l, Ri-2, andRU3), R2> r3 ^ R^ r^ r^m^x arc as defined above and BOC is tert-

butoxycarbonyl.

In step (1) ofReaction Scheme n, the amino group ofan aminoalcohol ofFormulaXK is protected with a ^-butoxycarbonyl group to provide a compound ofFormulaXX.
5 A solution ofthe aminoalcohol in tetrahydtofuran is treated with di-tert-butyl dicarbonate

m the presence ofa base such as sodium hydroxide. Many aminoalcohols ofFormulaXIX
are commercially available; others can be prepared using known synthetic methods.

In step (2) ofReaction Scheme H, a protected amino alcohol ofFormulaXX is
converted to a methanesulfonate ofFormula XXI. A solution ofa compound ofFormula

10 XX in a suitable solvent such as dichloromethane is treated with methanesulfonyl chloride
in the presence ofa base such as tdemylamine. The reaction can be carried out at a
reduced temperature (0°C).

In step (3a) ofReaction Scheme n, a methanesulfonate ofFormula XXI is

converted to an aside ofFormula XXR. Sodium azide is added to a solution ofa
15 compound ofFormulaXXI in a suitable solvent such as N^cthylfonnamide. The

reaction can be carried out at an elevated temperature (80 - 100°C).

m step (3b) ofReaction Scheme II, a compound ofFormulaXXH is alkylated with
a halide ofFormula Hal-R, to provide a compound ofFormula XXm. In compounds
where R, is hydrogen, this step is omitted. The compound ofFormulaXXD is reacted

20 wrth sodium hydride in a suitable solvent such as NJN-dunethylformamide to form the
aruon and then combined with the halide. The reaction can be carried out at ambient
temperature.

In step (4) ofReaction Scheme H, an aride ofFormulaXXm is reduced to provide
anamme ofFormula XXTV. Preferably, the reduction is carried out using a conventional

25 heterogeneous hydrogenation catalyst such as palladium on carbon The reaction can
conveniently be carried out on a Parr apparatus in a suitable solvent such as toluene.

In step (5) ofReaction Scheme U, a^cUor^-mtropyridine ofFormula XI
(see Reaction Scheme I) is reacted with an amine ofFormulaXXTV to provide a 2-chloro-
3-rutropyridine ofFormula XXV. The reaction can be carried out by adding an amine of

30 FormulaXXTV to a solution ofa compound ofFormula XI in a suitable solvent such as
N^-dunethylformamide in the presence ofa base such as triethylamine.
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In step (6) ofReaction Scheme n, a 2-chloro-3-nitropyridine ofFonnulaXXV is

reacted with sodium phenoxide to provide a 3-nitro-2-phenoxypyridine ofFonnulaXXVI.

Phenol is reacted with sodium hydride in a suitable solvent such as tetrahydrofuran to

form the phenoxide. The phenoxide is then reacted at an elevated temperature with a

5 compound ofFormula XXV.

In step (7) ofReaction Scheme II, a 3-nitro-2-phenoxypyridine ofFormula XXVI

is reduced to provide a 2-phenoxypyridine-3,4-diainine ofFormulaXXVH Preferably,

the reduction is carried out using a conventional heterogeneous catalyst such as platinum

on carbon. The reaction can be conveniently carried out on a Parr apparatus in a suitable

10 solvent such as, for example, toluene, 2-propanol, ethanol, and mixtures thereof

Alternatively in step (7), NizB can be generated in situ from sodium borohydride

andNiCk in the presence ofmethanol. A compound ofFormula XXVI can be added to

the resulting reducing agent solution to effect reduction of the nitro group. When a

compound ofFonnula XXVI contains an alkenyl, alkynyl, alkenylene or alkynylene

15 moiety, theM2B reducing agent can be used without reducing these moieties. The

product can be isolated from the reaction mixture using conventional methods.

In step (8) of Reaction Scheme II, a 2-phenoxypyridine-3, 4-diamine ofFormula

XXVII is reacted with a caiboxylic acid or an equivalent thereofto provide a 4-phenoxy-

l/f-imidazo[4,5-c]pyridine ofFormula XXVUL Suitable equivalents to a carboxylic acid

20 include orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent

is selected such that it will provide the desired R2 substituent in a compound ofFormula

XXVIIL For example, triethyl orthoformate will provide a compound where R2 is

hydrogen and trimethyl orthovalerate will provide a compound where R2 is butyl. The

reaction can be run in the absence of solvent or in an inert solvent such as toluene. The

25 reaction is run with sufficient heating to drive offany alcohol or water formed as a

byproduct ofthe reaction. Optionally, a catalyst such as pyridine hydrochloride can be

included.

Alternatively, step (8) can be carried out by (i) reacting the diamine ofFormula

XXVII with an acyl halide ofFormula I^C(0)C1 orR2C(0)Br and then (ii) cyclizing. In

30 part (i), the acyl halide is added to a solution of the diamine in a suitable solvent such as

pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product

ofpart (i) is heated in pyridine in the presence ofpyridine hydrochloride.
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In step (9) ofReaction Scheme n, a 4-phmoxy-l^-iimdazo[4,5-c]pyridine of
Formula XXVEI is aminated to provide a (4-arnino-l^-imidazo[4

>
5-

c]pyridinyl)acetamide ofFormula VI. The reaction can be carried out by combining a

compound ofFormulaXXVUI with ammonium acetate and heating (140 - 160°C).

Optionally, the reaction can be carried out in a pressure vessel.

In step (10) ofReaction Scheme n, (4-amino-liy.imidazo[4,5-

c]pyridinyl)acetamide ofFormula VI is hydrolyzed under acidic conditions to provide a

l//-imidazot4,5^]pyridm^amine ofFormula K Preferably, a compound ofFormula VI
is treated with hydrochloric acid/ethanol at an elevated temperature.

In step (1 1) ofReaction Scheme n, a l^-imida2o[4,5w;3pyridm^-amine of
FormulaH is converted to a l/f-imidazo[4,5^]pyridmuJ-aniine ofFormula 1-2 using

conventional methods. For example, sulfonamides ofFormula 1-2 can be prepared by
reacting a compound ofFormulaH with a sulfonyl chloride ofFormulaR^O^Cl, where
R. is Rs-afcyl, Rg-alkenyl, Rg-aryl, Rg-heteroaryl or Rg-heterocyclyL The reaction can be
carried out by adding the sulfonyl chloride to a solution ofa compound ofFormula H in a
suitable solvent such as chloroform at ambient temperature. Sulfamides ofFormula 1-2

can be prepared by reacting a compound ofFormulaH with sulfuryl chloride to generate a
sulfemoyl chloride in situ and then reacting the sulfemoyl chloride with an amine of
Formula HNRjR,. The product or a pharmaceutical^ acceptable salt thereofcan be

20 isolated using conventional methods.

Amides ofFormula 1-1 can be prepared from l^inridazo[4,5-c]pyridm^amines

ofFormula n using conventional methods. For example, a compound ofFormula H can
be reacted with an acid chloride ofFormula R.C(0)CL The reaction can be carried out by
adding the acid chloride to a solution ofa compound ofFormulaH in a suitable solvent

such as chloroform, optionally in the presence ofa base such as triemyiamine, at ambient
temperature. The product or a pharmaceutical^ acceptable salt thereofcan be isolated

using conventional methods.

Ureas and thioureas ofFormula 1-3 can be prepared from li/-imidazo[4,5-

c]pyridin^-amines ofFormula II using conventional methods. For example, a compound
ofFormula H can be reacted with an isocyanate ofFormula R,N=C=0. The reaction can
be carried out by adding the isocyanate to a solution of a compound ofFormula H in a
suitable solvent such as chloroform, optionally in the presence ofa base such as

25

30
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triethylamine, at ambient temperature. Alternatively, a compound ofFormula II can be

reacted with a thioisocyanate ofFormula RJM^OS, a sulfonyl isocyanate ofFormula

ReS(02)N=00 or a caibamoyl chloride ofFormula R«NC(0)C1. The product or a

pharmaceutical^ acceptable salt thereof can be isolated using conventional methods.
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Some embodiments of the invention including compounds ofFormulas 1-4, 1-5,

and intermediate compounds can be prepared according to Reaction Scheme III where

Rm, 5 (Rm and Ri_5), Ra, R3, R4, X, and Ph are as defined above.

5 In step (1) ofReaction Scheme ID, a 2,4-dichloro-3-nitropyridine ofFormula XI is

reacted with an amine of formula Ri^-0-X-NH2 or R1-S-O-X-NH2 to provide a 2-chloro-3-

nitropyridine ofFormula XXEX-4 or XXEX-5. The reaction can be carried out by adding

the amine to a solution ofcompound ofFormula XI in a suitable solvent such as N, N-

dimethylformamide in the presence oftriethylamine. The product of the reaction can be

10 isolated from the reaction mixture using conventional methods. Many amines of the

formula RM-O-X-NH2 or R1.5-O-X-NH2 are commercially available; others can be readily

prepared using known synthetic methods. For example, benzyloxyethylamine

hydrochloride can be prepared by reacting terf-butyl 2-(hydroxy)ethylcarbamate with

benzyl bromide in the presence of sodium hydroxide and benzyltrimethylammonium

15 chloride, and then converting the resulting terf-butyl 2-(benzyloxy)ethylcarbamate to

benzyloxyethylamine hydrochloride in the presence ofhydrochloric acid, ethanol, and

water.

In other examples, 2-(3-pyridin-3-yl-propoxy)ethylamine and 2-[3-(l,3-thiazol-2-

yl)propoxy]ethylamine can be prepared by reacting tert-butyl 2-{hydroxy)ethylcarbamate

20 with 3-bromopropyne under the phase transfer conditions described above. The resulting

ferf-butyl 2-(prop-2-ynyloxy)ethylcarbamate can be coupled with heteroaryl bromides

such as 3-bromopyridine and 2-bromothiazole by means of a palladium complex generated

fiom a palladium catalyst such as dichlorobis(triphenylphosphine)palladium (IT) in the

presence ofcopper (I) iodide and a base such as triethylamine. The reaction is

25 conveniently carried out in a suitable solvent such as acetonitrile and can be heated at an

elevated temperature. The products from the coupling reaction can be hydrogenated in the

presence of a conventional heterogeneous catalyst such as 10% palladium on carbon. The

hydrogenation reaction is conveniently carried out in a Parr vessel in a solvent such as

methanol. Finally, the resulting ferf-butyl 2-(heteroarylpropoxy)ethylcaibamates can be

30 deprotected to provide 2-(heteroarylpropoxy)ethylamines under conditions described

above.
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In step (2) ofReaction Schemem, a 2-chloro-3-nitropyridine ofFormulaXXK-4
orXXK-5 is reacted with sodium phenoxide to provide a 3-nitro-2-phenoxvpyridine of
FormulaXXX-4orXXX-5. Phenol is reacted with sodium hydride in a suitable solvent
such as diglyme (bis(2-methoxyethyl) ether) to form the phenoxide. The phenoxide is

then reacted at an elevated temperature with a compound ofFormula XXK-4 or XXTX-5.
The product can be isolated from the reaction mixture using conventional methods.

In step (3) ofReaction Scheme m, a 3-mtro-2-phenoxypyridine ofFormulaXXX-
4 or XXX-5 is reduced to provide a 2-ph<^xypyridme-3,4^ainine ofFormulaXXXI-4
or XXXI-5. Preferably, the reduction is carried out using a conventional heterogeneous
catalyst such as platinum on carbon. The reaction can be conveniently carried out on a
Parr apparatus in a suitable solvent such as toluene.

Alternatively in step (3), Ni can be generated in situ from sodium borohydride
and NiCl2 in the presence ofmethanol. A compound ofFormula XXX-4 or XXX-5 can be
added to the resulting reducing agent solution to effect reduction ofthe nitro group. When
a compound ofFormula XXX-4 or XXX-5 contains an alkenyl, alkynyl, alkenylene or
aikynyiene moiety, theNi^ reducing agent can be used without reducing these moieties.
The product can be isolated from the reaction mixture using conventional methods.

hi step (4) ofReaction Scheme m, a 2-phenoxypyridme-3,4^arnine ofFormula
XXXI-4 or XXXI-5 is reacted with a carboxylic acid or an equivalent thereof to provide a
4-phenoxy-l^-imid^[4,5-C]pyridmeofFomulaXXXn-4orXXOT Suitable

equivalents to a carboxylic acid include orthoesters, 1,1-dialkoxyalkyl alkanoates,

corresponding acyl halides, and mixtures thereof. The carboxylic acid or equivalent is

selected such that it will provide the desired R2 substituent in a compound ofFormula
XXXH-4 or XXXH-5. For example, triethyl orthoformate will provide a compound where
R2 is hydrogen and trimethyl orthovalerate will provide a compound whereR2 is butyL
The reaction can be run in the absence ofsolvent or in an inert solvent such as toluene.

The reaction is run with sufficient heating to drive offany alcohol or water formed as a
byproduct ofthe reaction. Optionally, a catalyst such as pyridine hydrochloride can be
included.

Alternatively, step (4) can be carried out by (i) reacting the diarnine ofFormula
XXXI-4 or XXXI-5 with an acyl halide ofFormulaR2C(0)C1 orR2C(0)Br and then (ii)

cyclizing. In part (i), the acyl halide is added to a solution ofthe diamine in a suitable
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solvent such as pyridine. The reaction can be carried out at ambient temperature. In part,

(ii), the product ofpart (i) is heated in pyridine in the presence ofpyridine hydrochloride.

The product can be isolated from the reaction mixture using conventional methods.

In step (5) ofReaction Scheme m, a 4-phenoxy-l//-inridazo[4,5-c]pyridine of

Formula XXXH-4 or XXXH-5 is aminated to provide a lH-imidazo[4,5-c]pyridin-4-amine

ofFormula 1-4 or 1-5. The reaction can be carried out by combining a compound of

Formula XXXH-4 or XXXII-5 with ammonium acetate and heating (140 - 160°C).

Optionally, the reaction can be carried out in a pressure vessel. The product or a

pharmaceutically acceptable salt thereof can be isolated using conventional methods.

In Reaction Scheme m, when Ri^t5 is RM the products of steps (1M5)^ ofthe

Formulas XXK-4, XXX-4, XXXI-4, XXXII-4, and 1-4, respectively. likewise, when Rt ,

4, 5 is Ri-sthe products of steps (l)-(5) are ofthe Formulas XXEX-5, XXX-5, XXXI-5,

XXXH-5, and

1-5.

Reaction Scheme in

XI

w
x N-VNt

cf

OPh O

Some embodiments of the invention including compounds ofFormula 1-1 and

intermediate compounds can be prepared according to Reaction Scheme IV where
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Rm,R2, R3, R4, X, and Ph are as defined above, and Ac is acetyl

In step (1) ofReaction Scheme IV, a 3~nitro-2-phenoxypyridine ofFormula XEH is

esterified to provide a 3-nitro-2-phenoxypyridine acetate ofFormulaXXXm. Preferably,

the esterification is carried out using acetic anhydride in suitable solvents such as

anhydrous dichloromethane and pyridine. The product can be isolated ftom the reaction

mixture using conventional methods.

In step (2) ofReaction Scheme IV, 3-nitro-2-phenoxypyridine acetate ofFormula

XXXm is reduced to provide a 2-phenoxypyridine-3,4^amine Formula XXXIV.

Preferably, the reduction is carried out using a conventional heterogeneous catalyst such as

platinum on carbon. The reaction can be conveniently carried out on a Pair apparatus in a

suitable solvent such as toluene.

Alternatively in step (2), Ni2B can be generated in situ from sodium borohydride

and NiCl2 in the presence ofmethanol. A compound ofFormulaXXXm can be added to

the resulting reducing agent solution to effect reduction ofthe nitro group. When a

compound ofFormula XXXIII contains an alkenyl, alkynyl, alkenylene or alkynylene

moiety, the Ni2B reducing agent can be used without reducing these moieties. The

product can be isolated from the reaction mixture using conventional methods.

In step (3) ofReaction Scheme IV, a 2-phenoxypyridine-3,4-diamine ofFormula

XXXIV is reacted with a carboxylic acid or an equivalent thereof to provide a 4-phenoxy-

l//-imidazo[4,5^:]pyridine ofFormula XXXV. Suitable equivalents to a caihoxylic acid

include orthoesters, 1,1-dialkoxyalkyl alkanoates, corresponding acyl halides, and

mixtures thereof. The carboxylic acid or equivalent is selected such that it will provide the

desiredR2 substituent in a compound of Fonnula XXXV. For example, triethyl

orthoformate will provide a compound where R2 is hydrogen and trimethyi orthovalerate

will provide a compound whereR2 is butyl. The reaction can be run in the absence of

solvent or in an inert solvent such as toluene. The reaction is run with sufficient heating to

drive offany alcohol or water formed as a byproduct ofthe reaction. Optionally, a

catalyst such as pyridine hydrochloride can be included.

Alternatively, step (3) can be carried outby (i) reacting the diamine ofFormula

XXXIV with an acyl halide ofFonnulaR2C(0)C1 orR2C(0)Br and then (n) cyclizing. In

part (i), the acyl halide is added to a solution ofthe diamine in a suitable solvent such as

pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product
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ofpart (i) is heated in pyridine in the presence ofpyridine hydrochloride. The product can

be isolated from the reaction mixture using conventional methods.

In step (4) ofReaction Scheme IV, a 4-phenoxy4J/-inridazo[4,5H:]pyridine acetate

ofFormula XXXV is hydrolyzed to provide a 4-phenoxy-l#-imidazo[4,5-c]pyridine

5 alcohol ofFormula XXXVI. The reaction is preferably carried out in methanol in the

presence ofpotassium carbonate at an elevated temperature. The product can be isolated

from the reaction mixture using conventional methods.

In step (5) ofReaction Scheme IV, a 4-phenoxy-l/f-imidazo[4,5-c]pyridine

alcohol ofFormula XXXVI is reacted with a compound offormula Halo-R^ to provide a

10 4-phenoxy-lJY-iniidazo[4,5-c]pyridine ofFormula XXXII-4. The reaction can be carried

out by first reacting the alcohol ofFormulaXXXVI with sodium hydride in a suitable

solvent such as N,N-dimethylfonnamide to form the corresponding anion and then

reacting the anion with a compound of formula Halo-RM. The product can be isolated

from the reaction mixture using conventional methods.

15 In step (6) ofReaction Scheme IV, a 4-phenoxy-lff-imidazo[4,5-c]pyridine of

Formula XXXH-4 is aminated to provide a l/^imidazo[4,5-c]pyridin-4-amine ofFormula

1-4. The reaction can be carried out by combining a compound ofFormula XXXII-4 with

ammonium acetate and heating (140 - 160°C). Optionally, the reaction can be carried out

in a pressure vessel. The product or a pharmaceutical^ acceptable salt thereofcan be

20 isolated using conventional methods.
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Reaction Scheme IV

5

Some embodiments of the invention including compounds ofFormulaXXXIX and

intermediate compounds can be prepared according to Reaction Scheme V whereR2, R3,

R4, X, and Ph are as defined above, andRJ3 is aryl, substituted aryl, heteroaryl, or

substituted heteroaryl.

10 In step (1) ofReaction Scheme V, the alkyne bond ofa 4-phenoxy-lff-

imidazo[4,5-c]pyridine ofFormula XXXVII, which is a subgenus ofFormula XXXII-4 or

XXXn-5, is reduced to form a 4-phenoxy- 1^imidazo[4,5-c]pyridine ofFormula

XXXVIEI, which is also a subgenus ofFormula XXXH-4 or XXXII-5. Preferably, the

reduction is carried out using a conventional heterogeneous catalyst such as platinum

15 oxide, platinum on carbon, or palladium on carbon. The reaction can conveniently be
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carried out on a Parr apparatus in a suitable solvent such as methanol. Hie product can be

isolated from the reaction mixture using conventional methods.

In step (2) ofReaction Scheme V, a 4-phenoxy-l^-imidazo[4,5-c]pyridine of

FormulaXXXVm is aminated to provide a lH-imidazo^S^yridin^amine ofFormula

5 XXXEX, which a subgenus ofFormula 1-4 or 1-5. The reaction can be carried out by

combining a compound ofFormula XXXVUI with ammonium acetate and heating (140 -

160°C). Optionally, the reaction can be carried out in a pressure vessel. The product or a

pharmaceutical^ acceptable salt thereofcan be isolated using conventional methods.

10 Reaction SchemeV

15 Some embodiments ofthe invention including compounds ofFormula 1-4 and

intermediate compounds can be prepared according to Reaction Scheme VI where

Rm, R2, R3, R4, X, and Ph are as defined above.

In step (1) ofReaction Scheme VI, a 2-chloro-3-nitropyridine ofFormula XXDC-4,

prepared as described in Reaction Scheme m, is reduced to provide a 2-chloropyridine-

20 3,4-<iiamine ofFonnula XL. Preferably, the reduction is carried out using a conventional

heterogeneous catalyst such as platinum on carbon or palladium on carbon. The reaction

can be conveniently carried out on a Parr apparatus in a suitable solvent such as toluene.

Alternatively in step (1), Ni2B can be generated in situ from sodium borohydride

and NiCU in the presence ofmethanol A compound ofFormula XXDC-4 can be added to

25 the resulting reducing agent solution to effect reduction of the nitro group. When a

compound ofFonnula XXDC-4 contains an alkenyl, alkynyl, alkenyiene or alkynylene
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moiety, theM2B reducing agent can be used without reducing these moieties. The

product can be isolated from the reaction mixture using conventional methods.

In step (2) ofReaction Scheme VI, a 2-cMoropyridine-3,4-diamine ofFormulaXL

is reacted With a caiboxylic acid or an equivalent thereofto provide a 4-chloro-l//-

5 imidazo[4,5-c]pyridine ofFormulaXLH Suitable equivalents to a carboxylic acid include

orthoesters, 1,1-diaIkoxyalkyl alkanoates, corresponding acyl halides, and mixtures

thereof. The carboxylic acid or equivalent is selected such that it will provide the desired

R2 substituent in a compound ofFormula XLEL For example, triethyl ortho&nnate will

provide a compound whereR2 is hydrogen and trimethyl orthovalerate will provide a

10 compound where R2 is butyl. The reaction can be run in the absence of solvent or in an

inert solvent such as toluene. The reaction is run with sufficient heating to drive offany

alcohol or water formed as a byproduct ofthe reaction. Optionally, a catalyst such as

pyridine hydrochloride can be included.

Alternatively, step (2) can be carried out by (2a) reacting the diamine ofFormula

15 XL with an acyl halide ofFormulaR2C(0)C1 orR2C(0)Br and then (2b) cyclizing. For

example, in part (2a), the acyl halide is added to a solution ofthe diamine ofFormulaXL

in an inert solvent such as dichloromethane or acetonitrile. The reaction can be carried out

at ambient temperature. Optionally, a tertiary amine, for example triethylamine, is

included. In part (2b), the product ofpart (2a), a compound ofFormula XLI, is heated at

20 reflux in a suitable solvent such as ethanol in the presence oftriethylamine. The product

can be isolated from the reaction mixture using conventional methods.

In step (3) ofReaction Scheme VI, a 4-chloro-1/f-imidazo[4,5-c]pyridine of

Formula XLEL is reacted with sodium phenoxide to provide a 4-phenoxy-1//-imidazo[4,5

-

cjpyridine ofFormula XXXtt-4. Phenol is reacted with sodium hydride in a suitable

25 solvent such as diglyme (bis(2-methoxyethyl) ether) to form the phenoxide. The

phenoxide is then reacted at an elevated temperature with a compound ofFormulaXUL

The product can be isolated from the reaction mixture using conventional methods.

In step (4) ofReaction Scheme VI, a 4-phenoxy-lfl-imidazo[4,5-c]pyridine of

Formula XXXQ-4 is aminated to provide a lJ?-imidazo[4,5-c]pyridin^amine ofFormula

30 1-4. The reaction can be carried out by combining a compound ofFormula XXXII-4 with

ammonium acetate and heating (140 - 160°Q. Optionally, die reaction can be carried out
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in a pressure vessel. The product or a pharmaceutical acceptable salt thereofcan be

isolated using conventional methods.

Reaction Scheme VI

Some embodiments of the invention including compounds ofFormulas XLV-1,

XLV-2, XLV-3, XLVI-1 , XLVI-2, XLVI-3, and intermediate compounds can be prepared

10 accoiding to Reaction Scheme VII where Rm.2,3 (Rm» R1-2, R1-3), R2, Rfe.Rfc andX are as

defined above, R4a is -Br or-NO* and R4b is C2ao alkynyl and Cmo alkyl.

In step (1) ofReaction Scheme VII, bromination or nitration ofa (4-amino-Ufr

imidazo[4,5-c]pyridinyl)acetamide ofFormula Via provides a (7>substituted)-(4-amino-

lH-imidazo[4,5^]pyridin>4)acetamide ofFormula XLIV. The bromination reaction can

1 5 be carried out by treating the acetamide ofFormula Via in a solution of acetic acid with

bromine and potassium acetate at ambient temperature. The direct nitration reaction can

be carried out by treating the acetamide ofFormula Via with one equivalent ofnitric acid

in the presence of excess acetic acid and heating the reaction, optionally, at reflux. The

product can be isolated using conventional methods.

20 In step (2) ofReaction Scheme VII, a (7-substituted)<4-amino-li/-imidazo[4,5-

c]pyridinyl)acetamide ofFormula XLIV is hydrolyzed under acidic conditions to provide
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a (7-substit*rted)-U/-iim^ ofFormula Ha, which is a subgenus

ofcompounds ofFormula IL Preferably, a compound ofFormula XLIV is treated with

hydrochloric acid/ethanol at an elevated temperature, for example, at reflux. The product

can be isolated using conventional methods.

5 In step (3) ofReaction Scheme VII, a li/-imidazo[4,5^]pyridin^amine of

Formula Ha is converted to a ljy-imidazo[4,5-c]pyridin-4-amine ofFormula XLV-1,

XLV-2, or XLV-3 using conventional methods. Formulas XLV-1, XLV-2, and XLV-3

are subgenera ofFormulas 1-1, 1-2, and 1-3, respectively. For example, sulfonamides of

Formula XLV-2 can be preparedby reacting a compound ofFormula Ha with a sulfonyl

10 chloride ofFormula R«S(Q2)G1, where Re is R$-alkyl, R^-alkenyi, Rs-aryl, Rrheteroaryl or

Ra-heterocyclyL The reaction can be carried out by adding the sulfonyl chloride to a

solution ofa compound ofFormula Ha in a suitable solvent such as chloroform at ambient

temperature. Sulfamides ofFormula XLV-2 can be prepared by reacting a compound of

Formula Ha with sulfuryl chloride to generate a sulfamoyl chloride in situ, and then

1 5 reacting the sulfamoyl chloride with an amine ofFormula HNRsR*. The product or a

pharmaceutical^ acceptable salt thereofcan be isolated using conventional methods.

Amides ofFormula XLV-1 can be prepared from lif-imidazo[4,5-c]pyridin-4-

amines ofFormula Ha using conventional methods. For example, a compound ofFormula

Ha can be reacted with an acid chloride ofFormula RaC(0)Cl, where R« is Rg-alkyl, R«-

20 alkenyl, R«-aryl, Rs-heteroaryi or R«-heterocyclyl. The reaction can be carried out by

adding the acid chloride to a solution of a compound ofFormula Ha in a suitable solvent

such as chloroform, optionally in the presence of a base such as triethylamine, at ambient

temperature. The product or a pharmaceutical^ acceptable salt thereofcan be isolated

using conventional methods.

25 Ureas and thioureas ofFormula XLV-3 can be prepared from li/-imidazo[4,5-

c]pyridin-4-aroines ofFormula Ha using conventional methods. For example, a compound

ofFormula Ha can be reacted with an isocyanate ofFormula R*N=C=0, where R» is R$-

alkyl, R$-alkenyl, Rg-aryl, R«-heteroaryl or Ra-heterocyclyl. The reaction can be carried

out by adding the isocyanate to a solution ofa compound ofFormula Ha in a suitable

30 solvent such as chloroform, optionally in the presence ofa base such as triethylamine, at

ambient temperature. Alternatively, a compound ofFormula Ha can be reacted with a

thioisocyanate ofFormula RJ4=0=S, a sulfonyl isocyanate ofFormula R«S(02)N=C=O or
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a carbamoyl chloride ofFormula1^0(0)01. The product or a pharmaceuticaUy

acceptable salt thereofcan be isolated using conventional methods.

In step (4) ofReaction Scheme VII, a l#-imidazo[4,5-c]pyridm-4-amine of

Formula XLV-1, XLV-2, or XLV-3 undergoes a coupling reaction with a C2-io alkyne,

5 convenientlyby means of a palladium complex to provide a l//-iimdazo[4,5-c]pyridin-4-

amine ofFormula XLVI-1 , XLVI-2, or XLVI-3, which are subgenera ofFormulas 1-1, 1-2,

and 1-3, respectively. The alkyne is added to a solution of a compound ofFormulaXLV-

l > XLV-2, or XLV-3 in a suitable solvent such as acetonitrile in the presence ofa

palladium catalyst, for example, mcWorobis(triphenylphosphine)palladium (H), copper (1)

10 iodide, and a base such as triethylamine. The reaction can be heated at an elevated

temperature. WhenR* is C2-10 alkynyl, reduction as described in step (1) ofReaction

Scheme V can be used to convert R«, to C2-io alkyl. The product or a pharmaceuticaUy

acceptable salt thereofcan be isolated using conventional methods.

15 Reaction Scheme VII

Via

0)

XUV

XLVI-1

XLVI-2

XLVI-3 XLV-3
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Some embodiments ofthe invention including compounds ofFormula XVIII and

intermediate compounds can be prepared according to Reaction SchemeVm where R^,

Ra, R5, R4, and X axe as defined above.

In step (1) ofReaction Scheme VIE, a 2-chloro-3-nitropyridine ofFormula XII is

5 reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5-a]pyridine ofFormula

XLVII. The reaction can be carried out by combining the compound ofFormula XII with

an alkali metal azide, for example, sodium azide, in a suitable solvent such as anhydrous

^J\Mim^hyiformamide, and heating to about 50-100 °C, optionally in the presence of

ammonium chloride. Alternatively, the reaction can be carried out by combining the

10 compound ofFormula XH with an alkali metal azide, for example, sodium azide, in a

suitable solvent such as 90/10 acetonitrile/H20 in the presence ofceriumm chloride,

preferably cerium HI chloride heptahydrate, optionally with heating, for example, at

reflux. The product can be isolated from the reaction mixture using conventional methods.

In step (2) ofReaction Scheme VIE, an 8-nitrotetrazolo[ 1 ,5-a]pyridine ofFormula

15 XLVII is chlorinated using conventional chlorinating agents to provide an 8-

nitrotetrazolo[l,5-c]pyridine ofFormula XLVffl. Preferably, the reaction is carried out by

combining a compound ofFormula XLVII with thionyl chloride in a suitable solvent such

as dichloromethane and heating.

In step (3) ofReaction Scheme Vm, an 8-nitrotetrazolo[l,5-a]pyridine ofFormula

20 XLVTH is reduced to provide a tetrazolo[l^^]pyridine-7,8-diamine ofFormula XLDC

Preferably, the reduction is carried out using a conventional heterogeneous catalyst such as

platinum on carbon- The reaction can be conveniently carried out on a Parr apparatus in a

suitable solvent such as toluene.

Alternatively in step (3), N12B can be generated in situ from sodium borohydride

25 and NiCb in the presence ofmethanol. A compound ofFormula XLVIII can be added to

the resulting reducing agent solution to effect reduction of the nitro group. When a

compound ofFormula XLVIII contains an alkenyl, alkynyl, alkenylene or alkynylene

moiety, the Ni2B reducing agent can be used without reducing these moieties. The

product can be isolated from the reaction mixture using conventional methods.

30 In step (4) ofReaction Scheme Vm, a tetrazolo[1,5-a]pyridine-7,8-diamine of

Formula XLDC is reacted with a caiboxylic acid or an equivalent thereofto provide a 7i/-

imidazo[4,5-c]tetrazolo[l,5-a]pyridine ofFormula L. Suitable equivalents to a caiboxylic
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acid include, for example, orthoesters, and 1,1-dialkoxyalkyi alkanoates. The carboxyiic

acid or equivalent is selected such that it will provide the desiredR2 substituent in a

compound ofFormula L. For example, triethyl orthoformate will provide a compound

whereR2 is hydrogen, and trimethyi orthovalerate will provide a compound where R2 is

5 butyl. The reaction can be run in the absence of solvent or in an inert solvent such as

toluene- The reaction is run with sufficient heating to drive offany alcohol or water

formed as a byproduct ofthe reaction. Optionally, a catalyst such as pyridine

hydrochloride can be included.

Alternatively, step (4) can be carried out by (i) reacting the diamine ofFormula

10 XLK with an acyl halide ofFormulaR2C(0)C1 orR2C(0)Br and then Qi) cyclizing. In

part (i), the acyl halide is added to a solution of the diamine in a suitable solvent such as

pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product

ofpart (i) is heated in pyridine in the presence ofpyridine hydrochloride.

In step (5) ofReaction Scheme Vm, a 7/^imidazo[4,5-c]tetrazolo[l,5-ij]pyridine

15 ofFormula Lis reacted with a compound ofFormula Ri-sSNa to provide a 7fl-

imidazo[4,5-c]tetrazolo[l,5-a]pyridine ofFormula LL Preferably, a thiol of the Formula

R^SH is reacted with sodium hydride in a suitable solvent such asNtN-

dimethylfonnamide to generate the anion, which is then reacted with a compound of

Formula L.

20 In step (6) ofReaction Scheme Vm, a 7^imidazo[4,5^]tetrazolo[l,5-a]pyridine

ofFormula LI is oxidized to provide a 7/f-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of

Formula LIL Preferably, a solution of a compound ofFormula LI in a suitable solvent

such as chloroform or dichloromethane is treated with 3-chloroperoxybenzoic acid. The

degree of oxidation is controlled by adjusting the amount of 3-chloroperoxybenxzoic acid

25 used in the reaction; i.e., using approximately one equivalent will provide the sulfoxide

whereas using two equivalents will provide the sulfone. The product can be isolated using

conventional methods.

In step (7) ofReaction SchemeVm a 7^-imidazo[4,5-<:]tetrazolo[l,5-fllpyridine

ofFormula LII is reacted with triphenylphosphine to form an N-triphenylphosphinyl

30 compound ofFormula LEI. The reaction with triphenylphosphine can be run in a suitable

solvent such as toluene or 1,2-dichlorobenzene under an atmosphere ofnitrogen with

heating, for example at the reflux temperature.
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In step (8) ofReaction Scheme VDI an Attriphenylphosphinyl compound of
Formula LSI is hydrolyzed to provide a lfrimi(iazo[4,5^]pyridin^ainine ofFormula
XVm, which is a subgenus ofFormula 1-6. The hydrolysis can be carried outby general

methods well known to those skilled in the art, for example, by heating in a lower alkanol

in the presence ofan inorganic acid, such as hydrochloric acid. The product can be
isolated from the reaction mixture using conventional methods as the compound of
FormulaXVm or as apharmaceutically acceptable salt thereof.

Alternatively, steps (7) and (8) ofReaction Scheme VET can be omitted, and the

tetrazolo ring can be reductively removed from a 7Jf.imidazo[4,5-c]tetrazolo[l,5.

fllpyridine ofFormulaLH to provide a l//-inridazo[4
>5-c]pyridm-4-amine ofFormula

XVffl. The reaction can be carried out by reacting the 7/f-imidazo[4,5-c]tetrazolo[l,5-

ajpyridine ofFormulaLH with hydrogen in the presence ofan catalyst and an acid. The
reaction can be conveniently run in a Parr apparatus with a suitable catalyst, such as

platinum IV oxide, and a suitable acid, such as trifluoroacetic acid or concentrated

hydrochloric acid. The product can be isolated from the reaction mixture using

conventional methods.
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Reaction Scheme VIII

Some embodiments ofthe invention including compounds ofFormula XVIHa and

intermediate compounds can be prepared according to Reaction Scheme DC whereR2, R3,

R4, andX are as defined above, R' and R" are independently hydrogen or CM0 aflcyl, and

Et is ethyl.

In step (1) ofReaction Scheme IX a 7//-irmdazo[4,5-c]tetrazolo[l,5^]pyridine of

Formula LHa, which is a subgenus ofFormula IH, is hydrolyzed to provide a 7H-

iimdazo[4)
5^]tetrazolo[l,5-a]pyridme ofFormula Lllb. The reaction can be carried out

under conventional saponification conditions by treating the ester with aqueous sodium

hydroxide in a suitable solvent or solvent mixture such as tetrahydrofuran/methanol. The
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reaction can be optionally carried out with heating. The reaction mixture is acidified in a

subsequent step by stirring with, for example, hydrochloric acid to provide the carboxylic

acid.

In step (2) ofReaction Scheme DC a 7i/-imida2»[4,5^]tetrazolo[l,5^i}pyridine of

5 Formula LDb, which is a subgenus ofFormula IB, is converted to a 7//-imidazo[4,5-

c]tetrazolo[l ,5-a]pyridine acid chloride ofFormula LIV. The reaction can be carried out

by combining a compound ofFormula LEO) with oxalyl chloride or thionyl chloride in a

suitable solvent such as dichloromethane and, optionally, heating.

In step (3) ofReaction Scheme DC a 7/f-imidazo[4,5^]tetrazolo[l,5^]pyridine

10 acid chloride ofFormula LIV is converted to a 7if-imidazo[4,5-c]tetrazolo[l,5-a]pyridine

amide ofFormula LIIc, which is a subgenus ofFormula LIL The reaction can be carried

out by combining a compound ofFormula LIV with an amine in a suitable solvent such as

dichloromethane and stirring at ambient temperature.

In step (4) ofReaction Scheme DC a 7i?-imidazo[4,5^]tetrazolo[l,5^]pyridme

1 5 amide ofFormula LIIc is reacted with triphenylphosphine to form an N-

triphenylphosphinyl compound ofFormula LITIa, which is a subgenus ofFormula LIU

The reaction with triphenylphosphine can be run in a suitable solvent such as toluene or

1 ,2-dichlorobenzene under an atmosphere ofnitrogen with heating, for example at the

reflux temperature.

20 In step (5) ofReaction Scheme DC an JV^triphenylphosphinyl compound ofFormula

LKLa is hydrolyzed to provide a li7-imidazo[4,5^]pyridin-4-amine ofFormula XVTIIa,

which is a subgenus ofFormula XVIII, which in turn is a subgenus ofFormula 1-6. The

hydrolysis can be carried out by general methods well known to those skilled in the art, for

example, by heating in a lower alkanol in the presence ofan inorganic acid, such as

25 hydrochloric acid. The product can be isolated from the reaction mixture using

conventional methods as the compound ofFormula XVEHa or.as a pharmaceutical^

acceptable salt thereof.

Alternatively, steps (4) and (5) ofReaction Scheme DC can be omitted, and the

tetrazolo ring can be reductively removed from a 7J?-imidazo[4,5^]tetrazolo[l,5-

30 fljpyridine amide ofFormula LUc to provide a lif-imidazo[4,5^]pyridin^amine of

Formula XVIQa. The reaction can be carried out by reacting the 7/Hmidazo[4,5-

c]tetrazolo[l,5-a]pyridine amide ofFormula LIIc with hydrogen in the presence ofan
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catalyst and an acid. The reaction can be conveniently run in a Parr apparatus with a

suitable catalyst, such as platinum IV oxide, and a suitable acid, such as trifluoroacetic

acid or concentrated hydrochloric acid. The product can be isolated from the reaction

mixture using conventional methods.

5

Reaction Scheme DC

XVIIIa StO)^ Lllla $(P)V2 Lllc k{0)^2

CON(R')(R") CONtW)

10 Some embodiments of the invention including compounds ofFormulas 1-1 , 1-2, 1-

3, and intermediate compounds can be prepared according to Reaction SchemeX where

Ri-i.2.3 (Ri-i, Ri-2, and Rw). *i> R»> **> R* R>o> R" and X are as defined above, and

BOC is terf-butoxycaibonyl.

In step (1) ofReaction SchemeX a 2-cmoro-3-mttopyridine ofFormulaXXV is

15 reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5-a]pyridine ofFormula

LV. The reaction can be carried out as described in step (1) ofReaction Scheme Vffl.

The product can be isolated from the reaction mixture using conventional methods.
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la step (2) ofReaction Scheme X, an 8-nitrotetrazolo[l,5-a]pyridine ofFormula

LV is reduced to provide a tetazoIo[l,5^]p>ddine-7,8-diamine ofFormula LVL The

reduction can be carried out as described in step (3) ofReaction Scheme VHL

In step (3) ofReaction Scheme X, a tetrazolo[l,5-a]pyridine-7,8^amine of

Formula LVI is reacted with a carboxylic acid or an equivalent thereof to provide a 7/f-

imidazo[4,5^]tetrazolo[l,5-fl]pyridine ofFormula LVBL The reaction can be carried out

as described in step (4) ofReaction Scheme VHL

In step (4) ofReaction Scheme X, the BOC group of a 7#-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula LVII is removed to provide a 7i/-imidazo[4>
5-

c]tetrazolo[l,5-a]pyridine ofFormula LVHL The reaction can be carried out by treating a

solution ofa 7/^imidazo[4>5^]tetrazolo[l,5^1pyridine ofFormula LVTI in a suitable

solvent such as, for example, dichloromethane with an acid, preferably trifluoroacetic acid,

at ambient temperature. The product can be isolated from the reaction mixture using

conventional methods.

In step (5) ofReaction SchemeX a 7/f-imidazo[4,5^]tetra2»lo[l,5-a]p>ridine of

FormulaLVm is converted to a 7/^imida2»[4,5^]teb^lo[l,5^]pyridine ofFormula

LDC-1, LDC-2, or LDC-3 using conventional methods. For example, sulfonamides of

Formula LEX-2 can be prepared by reacting a compound ofFormula LVHI with a sulfonyl

chloride ofFormula R,S(Q2)C1, where R« is R*-alkyl, R«-alkenyl, Rg-aryl, R*-heteroaryl or

R«-heterocyclyl. The reaction can be carried out by adding the sulfonyl chloride to a

solution ofa compound ofFormula LVHI in a suitable solvent such as chloroform at

ambient temperature. Sulfamides ofFormula LIX-2 can be prepared by reacting a

compound ofFormulaLVm with sulfuryi chloride to generate a sulfamoyl chloride in

situ, and then reacting the sulfamoyl chloride with an amine ofFormula HNRsR*. The

product or a pharmaceutical^ acceptable salt thereofcan be isolated using conventional

methods.

In another example, a 7H-irmdazo[4,5-c]tetra2olo[l
l5-alpyridine ofFormulaLVm

is reacted with a cMoroalkanesulfonyi chloride of formula Cl-RirS(0)2Cl to provide a

subgenus ofcompounds ofFormula LIX-2 wherein R9 and Rio join to form a ring having

the structure
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—N—S(0)2

The reaction is preferably carried out by adding the cMoroalkanesulfonyl chloride to a

solution of a compound ofFormula LVm in a suitable solvent such as dichloromethane in

the presence of a base such as triethylamine. The intermediate chloroalkanesulfonamide

5 may optionally be isolated before treatment with a stronger base such as 1,8-

diazabicyclo[5A0]undecene«7 (DBU) at ambient temperature. If the intermediate

chloroalkanesulfonamide is isolated, the reaction withDBU can be carried out in a

suitable solvent such as JV^/-dimeth>dfonnamide. The product or a pharmaceutical^

acceptable salt thereofcan be isolated using conventional methods.

10 Amides ofFormula LEX-1 can be prepared from 7#-imidazo[4,5-c]tetrazolo[ 1,5-

ojpyridine ofFormulaLVm using conventional methods. For example, a compound of

Formula LVHI can be reacted with an acid chloride ofFormula R*C(0)C1 where R* is R«-

alkyl, Ra-alkenyl, R«-aryl, Rg-heteroaryl or Rg-heterocyclyi. The reaction can be carried

out by adding the acid chloride to a solution ofa compound ofFormula LVm in a suitable

15 solvent such as chloroform, optionally in the presence of a base such as triethylamine, at

ambient temperature. The product can be isolated using conventional methods.

In another example, a 7i/-imidazo[4,5-c]tetrazolo[l,5^]pyridine ofFormula LVIQ

is reacted with a chloroalkanoyl chloride compound of formula Cl-Rn-C(0)Cl to provide

a subgenus ofcompounds ofFormula LDC-1 wherein R9 and Rio join to form a ring having

20 the structure

—N—C(0)

The reaction is preferably carried out by adding the chloroalkanoyl chloride compound to

a solution of a compound ofFormula LVIH in a suitable solvent such as dichloromethane

in the presence ofa base such as triethylamine. The intermediate chloroalkanamide may

25 optionally be isolated before treatment with a stronger base such as 1,8-

diazabicyclo[5.4.0]undecene-7 (DBU) at ambient temperature. If the intermediate

chloroalkanamide is isolated, the reaction withDBU can be carried out in a suitable

solvent such as iV^-dimethylformamide. The product can be isolated using conventional

methods.
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Ureas and thioureas ofFormula LEX-3 can be prepared from 7Jf-imidazo[4,5-

c]tetra2x>lo[l,5-fl]pyridine ofFormula LVHI using conventional methods. For example, a

compound ofFormulaLVm can be reacted with an isocyanate ofFormula RaN=C=0

where R* is Rg-alkyl, R«-aIkenyU R*-aryl, Rg-heteroaryi or R«-heterocyclyl. The reaction

5 can be carried out by adding the isocyanate to a solution of a compound ofFormulaLVm
in a suitable solvent such as chloroform, optionally in the presence ofa base such as

triethylamine, at ambient temperature. Alternatively, a compound ofFormula LVIII can

be reacted with a thioisocyanate ofFormula RaN=OS, a sulfonyl isocyanate ofFormula

JUS(02)N=O0 or a carbamoyl chloride ofFormula ReNC(0)d The product can be

10 isolated using conventional methods.

In step (6) ofReaction SchemeX a 7/T-imidazo[4,5^]tetrazolo[l >5^]pyridine of

Formula LK-1, LDC-2, or LEX-3 is reacted with triphenyiphosphine to form an N-

triphenylphosphinyl compound ofFormula LX-1, LX-2, or LX-3. The reaction with

triphenyiphosphine can be run in a suitable solvent such as toluene or 1,2-dichlorobenzene

15 under an atmosphere ofnitrogen with heating, for example at the reflux temperature.

In step (7) ofReaction Scheme X aniV-triphenylphosphinyi compound ofFormula

LX-1, LX-2, or LX-3 is hydrolyzed to provide a l^imidazo[4,5-c]pyridin^amine of

Formula 1-1, 1-2, or 1-3. The hydrolysis can be carried out by general methods well known

to those skilled in the art, for example, by heating in a lower alkanol in the presence ofan

20 inorganic acid such as hydrochloric acid. The product can be isolated from the reaction

mixture using conventional methods as the compound ofFormula 1-1, 1-2, or 1-3 or as a

pharmaceutical^ acceptable salt thereof.

Alternatively, steps (6) and (7) ofReaction SchemeX can be omitted, and the

tetrazolo ring can be reductively removed from a 7/^imidazo[4,5-c]tetrazolo[l,5-

25 a]pyridine ofFormula LK-1, LIX-2, or LDC-3 to provide a lif-imidazo[4,5-c]pyridin-4-

amine ofFormula 1-1, 1-2, or 1-3. The reaction can be carried out by reacting the 7if-

irmdazo[4,5-c]tetrazolo[l,5-a]pyridine ofFormula LDC-1, LDC-2, or UX-3 with hydrogen

in the presence of an catalyst and an acid. The reaction can be conveniently run in a Parr

apparatus with a suitable catalyst, such as platinum IV oxide, and a suitable acid, such as

30 trifluoroacetic acid or concentrated hydrochloric acid. The product can be isolated from

the reaction mixture using conventional methods.
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Some embodiments ofthe invention including compounds ofFormula 1-4, 1-5, and

intermediate compounds can be prepared according to Reaction Scheme XI where

RM, 5 (RM andRM), R2, R3 , R4, and X are as defined above.

In step (1) ofReaction Scheme XI, a 2-chloro-3-nitropyridine ofFormula XXDC-4

or XXDC-5 is reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5-

a]pyridine ofFormula LXII-4 or LXII-5. The reaction can be carried out as described in
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step (1) ofReaction Scheme VHL The product can be isolated from the reaction mixture

using conventional methods.

In step (2) ofReaction Scheme XI, an 8-nitrotetrazolo[l,5-^]pyridine ofFormula

LXII-4 or LXH-5 is reduced to provide tetrazolo[l,5-a]pyridine-7,8-diamine ofFormula

LXm-4 or LXEI-5. The reduction can be carried out as described in step (3) ofReaction

Scheme VBDL

The product can be isolated from the reaction mixture using conventional methods.

In step (3) ofReaction Scheme XI, a tetrazolo[l,5-a]pyridine-7,8-diamine of

Formula LXEH-4 or LXEQ-5 is reacted with a carboxylic acid or an equivalent thereofto

provide a 7J^imidazo[4,5^]tetrazolo[l,5-a]pyridine ofFormula LDC-4 or LDC-5. The

reaction can be carried out as described in step (4) ofReaction Scheme VHL The product

can be isolated from the reaction mixture using conventional methods.

In step (4) ofReaction Scheme XI, a 7if-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of

Formula LEX-4 or LIX-5 is reacted with triphenylphosphine to form an N-
*

triphenylphosphinyi compound ofFormula LX-4, or LX-5. The reaction canbe carried out

as described in step (6) ofReaction Scheme X. The product can be isolated from the

reaction mixture using conventional methods.

In step (5) ofReaction Scheme XI an tf-triphenylphosphinyl compound ofFormula

LX-4, or LX-5 is hydrolyzed to provide a li/-imidazo[4,5-c]pyridin-4-amine ofFormula

1-4 or 1-5. The hydrolysis can be carried out as described in step (7) ofReaction Scheme

X. The product can be isolated from the reaction mixture using conventional methods as

the compound ofFormula 1-4, or 1-5 or as a pharmaceutical^ acceptable salt thereof.

Alternatively, steps (4) and (5) ofReaction Scheme XI can be omitted, and the

tetrazolo ring can be reductively removed from a 7ff-imidazo[4,5-c]tetrazolo[l,5-

o]pyridine ofFormula LEX-4 or LIX-5 to provide a l//-imidazo[4,5-c]pyridin-4-amine of

Formula 1-4 or 1-5. The reaction can be carried out by reacting the 7fl-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula LIX-4 or LIX-5 with hydrogen in the presence ofan

catalyst and an acid. The reaction can be conveniently run in a Parr apparatus with a

suitable catalyst, such as platinum IV oxide, and a suitable acid, such as trifluoroacetic

acid or concentrated hydrochloric acid. The product can be isolated from the reaction

mixture using conventional methods.
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Reaction Scheme XI

5

Some embodiments of the invention including compounds ofFormula 1-5 and

10 intermediate compounds can be prepared according to Reaction Scheme XII where

Ri.5, R2, R3, R4» X, and Ac are as defined above.

In step (1) ofReaction Scheme XH, a 2-cMoro-3-nitropyridine ofFormula XII is

esterified to provide a 2-chloro-3-nitropyridine acetate ofFormula LXVL Preferably, the

esterification is carried out using acetic anhydride in a suitable solvent such as anhydrous

1 5 dichloromethane in the presence ofpyridine and catalytic 4-dimethylaminopyridine

(DMAP). The product can be isolated from the reaction mixture using conventional

methods.

In step (2) ofReaction Scheme XII, a 2-chloro-3-nitropyridine ofFormula LXVI is

reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5-a]pyridine ofFormula
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LXVTL The reaction can be earned out as described in step (1) ofReaction Scheme VIIL

The product can be isolated from the reaction mixture using conventional methods.

In step (3) ofReaction Scheme XH, an 8-nitrotetrazolo[l ,5-a]pyridine ofFormula

LXVII is reduced to provide tetrazolo[l,5^]pyridine-7,8-diamine ofFormulaLXVHL

5 The reduction can be carried out as described in step (3) ofReaction Scheme VHL The

product can be isolated from the reaction mixture using conventional methods.

In step (4) ofReaction Scheme XII, a tetrazolo[l,5^]pyridine-7,8-^iamine of

Formula LXVUI is reacted with a caiboxylic acid or an equivalent thereof to provide a

7^imidazo[4,5^]tetimolo[l,5-alpyridine ofFormula LXIX. The reaction can be carried

10 out as described in step (4) ofReaction Scheme Vm. The product canbe isolated from

the reaction mixture using conventional methods.

In step (5) ofReaction Scheme XII, a TH-imida^^^-cltetrazwlotUS-alpyridine of

FormulaLXK is hydrolyzed using conventional methods to provide a 7i?-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula LXX. For example, the reaction can be

1 5 conveniently carried out by adding potassium carbonate to a 7#-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormulaLXK dissolved in methanol at an elevated

temperature. The product can be isolated from the reaction mixture using conventional

methods.

In step (6) ofReaction Scheme XH, a 7i/.imidazo[4,5^]tetrazolo[l,5-a]pyridine of

20 FormulaLXX is reacted with 3-bromopropyne to provide a 7//-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula LXXI. The reaction can be carried out by adding 3-

bromopropyne to 7^-imidazo[4,5-c]tetrazolo[l,5-alpyridine ofFormulaLXX under phase

transfer conditions with catalytic benzyltrimethyiammonium chloride in a mixture ofa a

suitable solvent such as dichloromethane and 50% aqueous sodium hydroxide. The

25 product can be isolated from the reaction mixture using conventional methods.

In step (7) ofReaction Scheme XH, 7/f-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of

Formula LXXI is reacted with a heteroarylbromide or heterocyclylbromide to provide a

7H-imidazo[4,5H:]tetrazolo[l,5-fl]pyridine ofFormula LEX-5. The reaction can be carried

out by coupling a heteroarylbromide, for example, 5-bromopyrimidine, or

30 heterocyclylbromide with the alkyne group ofa 7if-imidazo[4,5-c]tetrazolo[l,5-

a]pyridine ofFormula LXXI. The coupling reaction can proceed through a palladium

complex, generated from a palladium catalyst, for example
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dicWorobis(triphenyiphosphine)palladium (II), in the presence ofcopper Q) iodide and a

base such as triethylamine. The reaction is carried out in a suitable solvent such as NJf-

dimethylformamide and can be heated at an elevated temperature. The product can be

isolated from the reaction mixture using conventional methods.

5 In step (8) ofReaction Scheme XII, a 7i/-imidazo[4,5-c]tetrazolo[l ,5-*Jpyridine of

Formula LDC-5 is reacted with triphenylphosphine to form an W-triphenyiphosphinyl

compound ofFormula LX-5. The reaction can be carried out as described in step (6) of

Reaction Scheme X. The product can be isolated from the reaction mixture using

conventional methods.

10 In step (9) ofReaction Scheme XII, an TSMriphenylphosphinyl compound of

Formula LX-5 is hydrolyzed to provide a lH-imidazo[4,5^]pyridin-4-amine ofFormula I-

5. The hydrolysis can be carried out as described in step (7) ofReaction Scheme X. The

product can be isolated from the reaction mixture using conventional methods as the

compound ofFormula 1-5 or as a pharmaceutical^ acceptable salt thereof.

1 5 Alternatively, steps (8) and (9) ofReaction Scheme XII can be omitted, and the

tetrazolo ring can be reductively removed from a 7if-imidazo[4,5-c]tetrazolo[l ,5-

a]pyridine ofFormula LDC-5 to provide a l/^imidazo[4f
5-c]pyridin-4-amine ofFormula

1-5. The reaction can be carried out by reacting the 7if-imidazo[4,5-c]tetrazolo[l ,5-

a]pyridine ofFormula LDC-5 with hydrogen in the presence of an catalyst and an acid.

20 The reaction can be conveniently run in a Pair apparatus with a suitable catalyst, such as

platinum IV oxide, and a suitable acid, such as trifluoroacetic acid or concentrated

hydrochloric acid The product can be isolated from the reaction mixture using

conventional methods.

25

30
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Reaction Scheme XII

Some embodiments ofthe invention including compounds ofFormulas LXXVTI-l,

LXXVH-2, LXXVII-3, and intermediate compounds can be prepared according to

71



WO 03/103584 PCT/US03/17659

Reaction Scheme Xffl whereRMW (Ru, Ri-2, and Rio), Rz, R*, R*, X, andBOC are as

defined above, Tf is trifluoromethylsulfonyl, andPMB is 4-methoxybenzyl.

In step (1) ofReaction SchemeXm malonyl dichloride is stiired with

pxopanenitrile at ambient temperature to provide 6-chloro-4-hydroxy-5-methylpyridin-

2(l//>one hydrochloride hydrate, which precipitates from the solution.

In step (2) ofReaction Scheme Xm, direct nitration of 6-chloro-4-hydroxy-5-

methylpyridin-2(lH)-one hydrochloride hydrate is carried out in excess sulfuric acid and

one equivalent ofnitric acid to provide 6^Moro^hydroxy-5-metiiyl-3-nitropyridin-

2(lfl)-one. The reaction is run at a reduced temperature. The product conveniently can be

precipitated from the solutionby the addition of ice water.

In step (3) ofReaction Scheme XIII, 6-cmoio^hydroxy-5-methyl-3-nitropyridin-

2(l//)-one is converted to the triflate ofFormula LXXEL The reaction can be carried out

by adding trifluoromethanesulfonic anhydride to a solution of6-chloro-4-hydroxy-5-

methyl-3-rutropyridin-2(lfl)K>ne in a suitable solvent such as dichloromethane in the

presence of a base such as triethylamine. The reaction can be carried out at sub-ambient

temperatures. An amine ofFormulaXXIV is then added to the reaction at ambient

temperature to provide a pyridine ofFormulaLXXH The product can be isolated from

the reaction mixture using conventional methods.

In step (4) ofReaction Scheme XIII, the triflate group of a compound ofFormula

LXXH is displaced with bis(4-methoxybenzyl)amine to provide a pyridine ofFormula

LXXQL The reaction can be carried out in the presence of a base such as triethylamine

and in a suitable solvent such as toluene. The reaction is conveniently carried out at

elevated temperatures. The product can be isolated from the reaction mixture using

conventional methods.

In step (5) ofReaction Scheme XIII, the nitro group of a compound ofFormula

LXXm is reduced to provide a pyridine-7,8-diamine ofFormula LXXIV. The reaction

can be carried out by the addition ofsodium borohydride and nickel chloride to a solution

of a compound ofFormula LXXIII in a suitable solvent or solvent mixture such as

methanol/dichloromethane at ambient temperature. The product can be isolated from the

reaction mixture using conventional methods.

In step (6) ofReaction Scheme XIII, a pyridine-738-diamine ofFormula LXXIV

reacts with a carboxylic acid or an equivalent thereof to provide an irnidazo[4,5-c]pyridine
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ofFormula LXXV. The reaction can be carried out as described in step (4) ofReaction

Scheme VIH

In step (7) ofReaction Scheme XIII, an imidazo[4,5-c]pyridine ofFormula LXXV

is deprotected under acidic conditions to provide a l^-inrida2»[4,5^]pjddin-4-amine of

5 Formula LXXVL The reaction can be carried out by dissolving an imidazo[4,5-c]pyridine

ofFormulaLXXV in trifluoroacetic acid and stirring at ambient temperature. Optionally,

the reaction can be carried out in a suitable solvent such as dichloromethane.

In step (8) ofReaction Scheme XHI, a l/f-imidazo[4,5^]pyridin-^amine of

FormulaLXXVI is converted to a lH-imidazo[4,5^]pyridin-4-amine ofFormula

10 LXXVn-1,2,3, which is a subgenus ofFormula 1-1, 1-2, and 1-2, using conventional

methods. The reaction can be carried out as described in step (1 1) ofReaction Scheme IL

15

20

25

30
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Reaction Scheme XID

PMB
N ^PMB
N

PMB^ ^PMB

N OTf O

BOC

PMB

X

LXXVII-1 i

LXXVII-2 fS-i.iS

LXXVII-3

It is understood that one skilled in the art will select the appropriate reaction

schemes and steps therein to prepare a compound described in the various aspects and

embodiments ofthe invention to avoid or minimize undesired or conflicting reactions. For

example, whenR3 is chloro a reaction scheme which does not involve a tetrazolo

intennediale can be selected. Reduction ofa nitro group at R3 or R4 can be avoided by

placement on the pyridine ring after reduction ofthe nitro group at the 3-position ofthe

pyridine ring. When an alkenyl, alkynyl, alkenyiene, or alkynylene group is present,
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reduction ofthe nitro group at Hie 3-position ofthe pyridine ring can be carried out by

using the N12B reduction without reducing the alkenyl, alkynyl, alkenylene, or alkynylene

group. When removing a tetrazolo ring in the presence ofa readily reducible group such

as an alkenyl or heteroaryl group, the formation of an N-triphenylphosphinyl compound

5 followed by hydrolysis can be used in place ofthe reductive removal to preserve , for

example, the alkenyl or heteroaryl group.

The term "non-interfering substituents" refers to Rx, Ry> and Rz groins which do

not prevent a compound ofFormula la from inducing the biosynthesis ofone or more

cytokines. Illustrative non-interfering Rx groups include those described above for R2.

10 Illustrative non-interfering Ry and Rz groups include those described above for R3 and R4.

As used herein, the terms "alkyl", "alkenyl", "alkynyl" and the prefix
u
alk-" are

inclusive ofboth straight chain and branched chain groups and of cyclic groups, i.e.

cycloalkyl and cycloalkenyl. Unless otherwise specified, these groups contain from 1 to

20 carbon atoms, with alkenyl groups containing from 2 to 20 carbon atoms, and alkynyl

15 groups containing from 2 to 20 carbon atoms. Preferred groups have a total ofup to 10

carbon atoms, for example, up to 8 carbon atoms, up to 6 carbon atoms, and up to 4 carbon

atoms. Cyclic groups can be monocyclic or polycyclic and preferably have from 3 to 10

ring carbon atoms. Exemplary cyclic groups include cyclopropyl, cyclopropylmethyl,

cyclopentyl, cyclohexyl, adamantyl, and substituted and unsubstituted norbornyl and

20 norbornenyl.

Unless otherwise specified, "alkylene", "alkenylene", and "alkynylene" are the

divalent forms of "alkyl", "alkenyl", and "alkynyl" defined above.

The term "haloalkyT is inclusive of groups that are substituted by one or more

halogen atoms, including perfluorinated groups. This is also true of groups that include

25 the prefix

"halo-". Examples of suitable haloalkyl groups are chloromethyl, trifluoromethyl, and the

like.

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems.

Examples of aryl groups include phenyl, naphthyi, biphenyl, fluorenyl and indenyi. The

30 term "heteroaryl" includes aromatic rings or ring systems that contain at least one ring

heteroatom (e.g., O, S, N). Suitable heteroaryl groups include furyl, thienyi, pyridyl,

quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyi, imidazolyl,
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pyrazolyl, oxazolyl, thiazolyl, benzoforanyl, benzothiophenyl, caibazblyl, benzoxazolyl,

pyrimidinyl, benzimidazolyl, quinoxalinyL benzothiazolyl, naphthyridinyl, isoxazolyl,

.isothiazolyl, purinyl, quinazolinyi, and so oil

"Heterocyclyl" includes non-aromatic rings or ring systems that contain at least

5 one ring heteroatom (e.g., O, S,N) and includes all ofthe fully saturated and partially

unsaturated derivatives ofthe above mentioned heteroaryl groups. Exemplary

heterocyclic groups include pyrrolidine tetrahydrofuranyU morpholinyl, thiomorpholinyl,

piperidinyl, piperazinyl, thiazolidinyl, imidazolidinyl, isothiazolidinyl, and the like.

The aryU heteroaryl, and heterocyclyl groups can be unsubstituted or substituted by

10 one or more substituents independently selected from the group consisting of alkyi,

alkoxy, methylenedioxy, ethylenedioxy, alkylthio, haloalkyl, haloaBcoxy, haloalkylthio,

halogen, nitro, hydroxy, mercapto, cyano, carboxy, formyl, aryl, aryloxy, aiyithio,

arylalkoxy, arylalkyithio, heteroaryl, heteroaryloxy, heteroarylthio, heteroarylalkoxy,

heteroarylalkylthio, amino, attcyiamino, dialkylamino, heterocyclyl, heterocycloalkyl,

1 5 alkylcaibonyl, alkenylcarbonyl, aDcoxycarbonyl, haloalkylcarbonyl, haloalkoxycaibonyl,

alkylthiocarbonyl, arylcarbonyl, heteroarylcarbonyl, heterocyclylcarbonyl,

aryioxycarbonyl, heteroaryloxycaibonyl, arylthiocaibonyl, heteroarylthiocarbonyl,

alkanoyloxy, alkanoylthio, alkanoylamino, aroyloxy, aroylthio, aroylamino,

alkylaminosulfonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, aryldiazinyl,

20 alkylsulfonylamino, arylsulfonyiamino, arylalkylsulfonylamino, alkylcarbonylamino,

alkenylcarbonylamino, arylcarbonylamino, arylalkylcarbonylamino,

heteroarylcaibonylamino, heteroarylalkycaibonyiamino, alkylsulfonylamino,

alkenylsulfonylamino, arylsulfonyiamino, arylalkylsulfonylamino,

heteroarylsulfonylamino, heteroarylalkyisulfonylaniino, alkylaminocarbonyi,

25 dialkylaminocaibonyl, arylaminocarbonyl, arylalkylaminocarbonyl,

alkenylaminocarbonyl, heteroaryiaminocaibonyl, heteroarylalkylaminocarbonyl,

alkylaminocarbonylamino, alkenylaminocarbonylamino, arylaininocarbonylamino,

arylalkylaminocaibonylamino, heteroarylaminocarbonylamino,

heteroaiylalkyianxinocarbonylamino and, in the case ofheterocyclyl, oxo. If any other

30* groups are identified as being "substituted" or "optionally substituted", then those groups

can also be substituted by one or more ofthe above enumerated substituents.
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The invention is inclusive ofthe compounds described herein in any of their

pharmaceutical^ acceptable forms, including isomers (e.g., diastereomers and

enantiomers), salts, solvates, polymorphs, and the like. In particular, ifa compound is

optically active, the invention specifically includes each ofthe compound's enantiomers as

5 well as racemic mixtures ofthe enantiomers.

Preferred compounds ofthe invention include:

7/-(2- {2-[4-amino-2^cyclopropyhnethyI)-6,7-dimethyl-l/f-imidazo[4,5-c]pyridin-l ~

yl]ethoxy} ethyl)-2-methyipropanamide;

N-{2-{2-[4-amino-2-(cyclopropylmethyl)^,7-dimethyl-l^-imidazo^^-cjpyridin-l -

10 yl]ethoxy}ethyl)cyclopentanecarboxamide;

N-Q-{2-[4-amino-2^cyclopropylmethyl>6,7-dimethyl-lif-irddazo[4,5-c]pyridin-l -

yljethoxy} ethyl)nicotinamide;

/H2-{2-[4-amino-2^cyclopropyl^^

yl]ethoxy} ethyl)-iNr,2-dimethy^)ropanamide;

15 AK2"{2-[4<imino-2^cycto^^

yl]ethoxy}ethyl)-i^-methylcyclopentanecaiboxamide;

N-(2-{2-[4-amino-2-(cyclopropylme%l)^,7^^ -

yi]ethoxy} ethyl)-//-methylnicotinamide;

AK2-{2-[4-amino-2^cyclopropylethy^

20 yljethoxy} ethyl>2-me1hylpropanamide;

i\H2-{2-[4-amino-2^cyclopropy^

yl]ethoxy}ethyl)cyclopentanecarboxamide;

iVK2-{2^4-amino-2-(<^cloprop^

yl]ethoxy} ethyl)nicotinamide;

25 AK2-{2-[4-amino-2<metho^

yl]ethoxy}ethyl>^-dimethylpropanamide;

AH2-{2-[4-amino-2<methoxyethy^

yl]ethoxy} ethjd)-iV-methylcyclopentanecarboxamide;

i\H2-{2-[4-amino-2<methoxye^

30 yl]ethoxy} ethyl)-iV^methylnicotinamide;

A42-{2-[4-amino-2^cyclopropylmethyl)^-^

yl]ethoxy}ethyl)-2-methylpropanamide;
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AK2-{2-[4-ammo-2-(cyd^

yl]ethoxy}ethyl)cyclopentanecarboxamide;

A^2-{2-[4-amino-2<cyclopropyta^

yl]ethoxy} ethyl)nicotiiiamide;

JV-{2- {2-[4-amino-2-(cyclopropyIme^

yl]ethoxy}ethyl)-7^2-dime<hylpTopanaim

N-{2- {2-[4-amino-2^cyclopropylme%l^ 1
-

yl]ethoxy} ethyl)-iV^methylcyclopeatanecarboxainide;

]\^(2-{244-aniko-2^^

yl]ethoxy}ethyl)-iNT-niethylnicotinamide;

N-(2- {2-[4-amino-2~propyl-6,7-dimethyl-li/-imidazo[4,5-<:]pyridin-l-yl]ethoxy}
ethyl)-2-

methylpropanamide;

AT-{2- {244-amincH2-propyl-6,7^iimethyl-li/-iinida^ 1 -

yl]ethoxy}ethyl)cyclopentanecarboxamide;

N-{2- {2-[4-amiiio-2-propyl^,7-dm^

yl]ethoxy}ethyl)nicotinamide;

jV^2-{2-[4-amino-2-propyW^

AT,2-dimcthylpropanainide;

i^2-{2-[4-amino-2-propyl^7-dimethyl-lfr

methylcyclopentanecaiboxamide;

N-(2- {2-[4-amino-2-propyl-6J^iimethyl-l/Wmi^

methylnicotinamide;

N-(2- {2-[4-amino-2-propyl-6-methyl- 1tf-imidazo[4,5^]pyridiii- 1 -yl]ethoxy} ethyl)-2-

methylpropanamide;

#-(2-{2-[4-amino-2-propyl-6-methyM^

yl]ethoxy} ethyl)cyclopentanecaiboxamide;

N-(2-{2^4-anmo-2-propyl-6-methyU^
-

yl]ethoxy} ethyl)nicotinamide;

jy.(2- (2-[4-amino-2-propyl-6-m^^

dimethylpropanamide;

N-(2- {2-[4-amino-2-propyl-6-methyl-ljy-imidazo[4,5^]pyridm-l-yl]ethoxy}ethyl>^-

methylcyclopentanecaiboxamide;
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*K2-{2-[4~ammo^

methylnicotmamide;

AH2-{2-[4-amko^

yi]ethoxy}cthyl)moipholine^l-<)ai1x)xaniide;

#K2-{2-[4-amino-2^^

yl]ethoxy}ethyl>A^-cyclohexylurea;

tf-(2-{2-[4-anm^

yl]ethoxy}eth>d>iV,

-pyridin-3-ylurea;

i^2-{2-[4-amino-2^c^^^

yl]ethoxy} ethyl)morplioline-4-ciirboxamide;

tf-(2-{2-[4-amino-2^

yqethoxylethyl^-cyclohcxylurea;

AH2-{2-[4-amino-2^cy^^

yl]ethoxy} ethjd)-iV-pyTidiii-3-ylurea;

AK2-{2-[4-anuno^

yl]ethoxy}efliyl)morphofo^

flK2-{2-[4-amino-2^me^

yilethoxylethylVTV-cyclohexylurea;

tf^2-{2-[4~amino-2-^

yI]ethoxy} ethyI)-A^-pyridin-3-ylurea;

AK2-{2-[4-amino-2^cycto^^

yl]ethoxy}ethyl)morpholine-4-carboxamide;

AK2-{2-[4-amino-2^cycl^^

ylJethoxyJethyl^iV-cyclohexyliirea;

#K2-{2-[4-aniino-2^cyc^^^

yyethoxyJethyl^-pyridinO-ylurea;

^2-{2-[4-amino-2<cy^^

yI]ethoxy}ethyl)moipholine-4-caiboxamide;

tfW2-[4-amino^

jdJethoxyJethyO-^ycIohexylurea;

^2-{2-[4-amino-2^cycloprop^^

yllethoxylethyO-JV-pyridin-S-yliirea;
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AT-(2-{244-amino-2^metho^

yl]etiioxy} ethyl)morpholine-4-carboxamide;

tf^2-{2-[4-amino-2^^

yl]ethoxy} ethyl>AT-cyclohexylurea;

5 JV^2-{2-[4-ammo-2Km

yl]ethoxy} ethyl>A^-pyridin-3-ylurea;

A^2-{244-amino-2-propyW,7^

yl]ethoxy} ethyl)moipholine-4-carboxamide;

tf-(2-{2-[4-amin^^^

10 cyclohexylurea;

flK2-{2-[4-amino^^

pyridin-3-ylurea;

JV^2-{2-[4-amino-2-pr^

yljethoxy) ethyl)moipholine-4-caiboxamide;

15 tf-(2-{2-[4-am^

cyclohexylurea;

jVL(2-{2-[4-amino-2-p^^

pyridin-3-ylurea;

jV42-{2-[4-amino-2<cyclopro^^

20 yl]ethoxy}ethyl)-//^-diefliyliirea;

fl^2-{2-[4-amino-2<cyclopropyl^^

yl]ethoxy} ethyi)-AP-isopropylurea;

tf^-{2-[4-anmo-2<^

yl]ethoxy} ethyl)-N^V-diethylurea;

25 j^2-{2-[4-amino-2Kcyclo^

yl]ethoxy} ethyl)-iV-isopropylurea;

jV42-{2-[4-amino-2-propyl-6J

JV^-diethylurea;

JVK2-{2-[4-amii^

30 isopropylurea;

JV-(2- {2-[4-amino-2-<methoxyethyl)^J^etliyl4if-imidazo[4,5-c]pyri(liii4-

yl]ethoxy} ethyl)-^-diethylurea;

80



WO 03/103584
PCT/US03/17659

^2-{2-[4-amino-2^methox^

yi]ethoxy} dhyl^W-isopropylurea;

^2-{2-[4-amino-2-(cyclopropylme%l)^m^

yijethoxy} ethyl>iV^Wiethyluiea;

5 N-(2- {2-[4-amino-2-(cyclopropylinethyl)-6-methyl-li/-imidazo[4,5-c]pyridin- 1 -

yijethoxy}ethyty-W-isopropyiurea;

JV-(2-{2-[4-ammo-2^cyclopropyle^

yl]ethoxy}ethyl)-i^-diethyliirea;

AH2-{2-[4-amino-2-(cyclopropy^^^

10 yl]ethoxy}ethyi)-iV-isopropylurea;

W-(2-{2-[4-aniino-2-propyl-6-methyl-1/f-imidazo[4^-c]pyridin- 1-yl]ethoxy}ethyl)-A^

diethylurea;

N-(2-{2-[4-amino-2-propyl-6-methyl-lif-imidazo[4,5-c]pyridin-1-yijethoxy} ethyl)-AP-

isopropylurea;

15 i\r^2-{2-[4-amino-2^methoxyethyl>6-meth>d^

yijethoxy}ethyl)-7V^-diethylurea;

#-(2-{2-[4-amino-2^methoxy^

yijethoxy} ethyl>N4sopropylurea;

/H2-{2-[4-amino-2-(cyclo^

20 yijethoxy} ethyl)methanesulfonamide;

JVK2-{2-[4-amino-2Kcyclopropylm^

yijethoxy} ethyl)propane-2-sulfonainide;

/^2-{2-[4-ammo-2^cyclo

yijethoxy} ethyl)quinoline-8-sulfonamide;

25 iVK2-{2-[4-amho-2^cycto^

yijethoxy}ethyl)-A^methylmethanesulfonamide;

7/-(2- {2-[4-amko-2-{cyclopropylmethyl)-6,7-diinefliyl-li/-imida2o[4,5-c]pyiidin- 1 -

yijethoxy} ethyl)-Mmethylpropane-2-siilfoiiamide;

AK2-{2-[4-amino-2-(cyc^

30 yijethoxy} ethyl)-7/-methylquinolke-8-sulfonamide;

iV^2-{2-[4-amino-2^c^

yijethoxy} ethyl)methanesulfonamide;
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#^2-{2-[4-ammo-2^

yl]ethoxy}ethyl)propane-2-sulfonamide;

A^2-{2-[4-amino^

yl]ethoxy}ethyl)quinoline-8-sulfonamide;

5 JV^2-{2-[4-ainin^

yljethoxy}e^yl^-methylmethanesulfonamide;

7^2-{2-[4-amino-2-(cycto^^

yl]ethoxy} ethyl>/^methylpn>pane-2-sulfoiianiide;

jV^2-{2-[4-amino-2^cyclo^^

10 yl]ethoxy} ethyl)-A^-methylquinoline-8-sulfonairiide;

//_(2- {244-amino-2-piopyl-6/7^Iime$ty^
-

yl]ethoxy} ethyl)methanesuifonamide;

//-(2- {2-[4-amino-2-pix>pyl-6/7-d^

yljethoxy} ethyl)propane-2-sulfonamide;

15 tf^2-{2-[4-amiiio-2-piopy^^

yljethoxy} ethyl)quinoline-8-sulfonanude;

]V-(2- (2-[4-amino-2-propyl-6J^e^ylAH-hmd3zo[A9
5^yd^nA -yl]ethoxy}ethy!)-7/-

methylmethanesulfonamide;

tf-(2-{2-[4-amino-2-pi^

20 methylpropane-2-sulfonamide;

#.(2-{2-[4-amino-2-propy^^^^

methylquinoline-8-sulfonamide;

N-(2-{2^4-amino-2-propyl^methyl4i/-imidazo[4,5^]pyridin-l
-

yl]ethoxy}ethyl)methanesulfoiiamide;

25 jV-(2-{2-[4-amino-2-propyl-6-methy^

yl]ethoxy} ethyl)propane-2-sulfonainide;

N-{2- {2-[4-amino-2-pn)pyl-6-me%l-ltf-i^

yl]ethoxy}ethyl)quinoline-8-sulfonamide;

W^2-{2-[4-amm^

30 methylmethanesulfonamide;

7VK2-{2-[4-amino-2-propyl^methyl-l//-imidazo[^

methylpropane-2-sulfonamide;
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J^2-{2-[4^^2-propyl^methyl-l^-iinidazo[43^]pyri^

methyiquinoline-8-sulfonamide;

*<2-{2-[4-amino-2-methox^

yl]ethoxy}ethyl)methanesulfonamide;

^2-<2-[4-amko-2-methoxyethyl^^^

yl]ethoxy}rfhyl)propane-2-sulfonamide;

JH2-{2-[4-amino-2-methoxyethyl-6-methyl4jy-imi(i^
yI]ethoxy}ethyI)quinoline-8-suIfonainide;

tf<2-{2-[4-amino-2-methoxye&^

yl]ethoxy}ethyl>Ar-methylmethanesulfonamide;

^2-{2-[4-aminc>-2-metfaox^

yl]ethoxy}ethyl)-iV
r

-methylpropane-2.salfonaniide;

AK2-{2-[4-ammo-2-methox^

yl]ethoxy}etfayl>jV'-methylquinoline-8-sulfonamide;

^2-{2-[4-amino-2^^^

yl]ethoxy} ethyl)methanesulfoiiamide;

^2-{2^4-aiW2<cyclopropy^
yljethoxy} ethyl)propane-2-suIfoiianiide;

^2-{2-[4-ainino-2<cycloprop^^^

yl]ethoxy} ethyI)quinoIiiic-8-sulfonamide;

^2-{2-{4-amino-2^cyclopropyle%^^

yljethoxy}ethyl>//-methylmethanesuIfonamide;

AH2-{2-[4-ainmo-2Kcyclopropylethyl)^-methyl-m-imd^
yljethoxy}ethyl>-//-methylpropane-2-sulfonamide;

^-Wamino^cyclop^
yljethoxy} ethyl^-methylquinoline-S-sulfonamide;

2-butyl-l-{2^3^14^oxi(loiSothiazoU<lin-2-yl)propoxy^

imid^zo[4,5-c]pyridin-4-amine;

H2^MU^oxidoiso1faia^^

l^-imidazo[4,5-c}pyridiii-4-amine;

^^U^oxidoisothiazoUdin^^^

Lff-unidazo[4,5^]pyridin-^amine;
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2<cyclopropylmethylH^

dime%l-li/-imidazo[4,5^]pyridin^amine;

2<cyclopiopylethylH-{^^

dimethyl4J/-imidazo[4,5^]pyridin^amine;

5 i_{2-[3^1,l^oxidoisothiazoHdii^^^

iirudazo[4,5^]pyridin-4-amixie;

l-{2-[3^1,l^oxidoisothiazolid^^

imidazo[4,5^]pyridin^amine;

1-{2-[3<l,l^oxidoisothiazoti^

10 c]pyridin-4-amine;

2-butyl-l-{2-[3-(l ,1 -dioxidoisothiazolidin-2-yl)propoxy]ethyl} -6-methyl- 1tf-imidazo[4,5-

c]pyridin-4-amine;

1-{2-[3KUl^oxidoisothiazoUdin-2-yl)propo)^

imidazo[4,5-c]pyridin-4-amine;

15 l.{2-[3^1,l^oxidoisothiazo^^

iBudazo[4,5-c]pyridin^-amiiie;

2-(cyclopiopylmethyl)-H^

l/f-imidazo[4,5-c]pyridin^amine;

2^cyclopropylethylH-{2-^^

20 lH-ixiiidazo[4,5-c]p>ddin^-amiiie;

I . {2-[3-(l , 1-dioxidoisothiazolidin-2-yl)pTopoxy]ethyl}-6-methyl-2-propyl-Lf/-

imidazo[4,5^]pyridin-^ainine;

l-{243-(l,l-dioxidoisothiaro^

c]pyridin-4-amine;

25 l-{2-[3^U-dioxidoisotW^

c]pyridin-4-amine;

l-[2-(benzyloxy)ethyl]-2^

l-[2-(benzyloxy)ethyl]-2-(cy^

amine;

30 142-(benzyloxy)e%l]-2,6-<^

142-(benzyloxy)ethyl]^-m^

l-[2-(benzyloxy)e%l]-2-^^
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l-[2-(ben^loxy)elhyl]-2-butyl^-methyl-

1-[2-(benzyloxy)eth^

amine;

6J-dimethyl-l-[2^3-phenylpropoxy)eto^^

5 2<cyclopropylmethyl)^jKlm^

c]pyridin-4-amine;

2,6-<iimethyl-l-[2^3-ph(mylpropo

2,6^ethyi-H2-{[(2^-3-phm^^

amine;

10 2,6-dimethyl-l-{2-[(3-phenylprop-2-ynyl)o^

6-methyI-l-[2^3-phenylpropoxy)e^

2^cyclopropylmethyl)^-methyl-l^^^

4-amine;

6jKiime%l-2-propyl-l-[2^3-pyridin-3-ylpropoxy)ethyl]-l^

15 amine;

2-(cyclopropytaethy^

c]pyridin-4-amine;

2,6-dimethyl-l-[2^3-pyridin^

2-(ethoxymethyl)^-me%l-l-[2-(3-pyri(iin-3-ylpropoxy)eth^

20 4-amine;

6-methyl-2-propyl-H2<3-pyri^

2<cycIopropylmethyl)^me%l-H^

c]pyridin-4-amine;

6J^e%l-2-propyl-l-{2-[3-(l,^

25 c]pyridin-4-amine;

6/7-dime%l-2i>ropyl-l-[2^3-py^

amine;

6-methyl-2^iopyl-l-{2-[3<13-tM

amine;

30 6-me%l-2^ropyl-l-[2<3-pyrM^

amine;
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6/7^ethyl-2-propyl-l-[2<3-pyr^

amine;

6/7-dimethyl-l-[3<me%ltMo)propyl]-^^

2,6J-trimethyl-l-[3^methylthio)prop^

5 2-etoyW,7^emyl-l-[3^metoylthio)^^

6,7-dimemyl-l-[3<methylthio)propyl]-2-piopyl-l/^imida^

2-butyW^emyl-H3<memyltoo)prop^

2^oxymethyl^J^e^yl-l<3-(methylthio)propyl]-l//-imito

amine;

10 2-memoxyethyW^ethyl-l-[3<memy^

amine;

2^yclopropylmetoyl-6jKlimetoyl-H^

amine;

6/7^Iimemyl-H3<mefoylsulfony%^

15 2A7-trimemyl-l-[3<methylsulfonyl^

2^yWJ-dimemyl-143Kmemylsulfonyl)piopyl]-lH-iinidazo[4,5

6,7-dimethyl- 1-[3-(methylsulfonyl)propyl]-2-propyl-l//-imidazo[4,5-c]pyridm^amine;

2^utyW/7-<umemyl-l-[3<memybm^^

2^moxymemyW,7^emyl-l-[3<memylsulfonyl)propyl]4ff-imida^

20 amine;

2-memoxyetoyl-6,7^emyl-l-[3Kmetoyls^

amine;

2^yclopropylmethyl^,7^1imemyl-l-[3^

c]pyridin-4-amine;

25 6jHnmewyl-l-[3^methylsulfinyl)p^

2,6J-trimemyM43^metoylsulfiny^

2^royW,7-<limemyM-[3<mefoylsulfiny^

6,7-dmefoyl-l-[3Kmemylsulfinyl^^

24>utyWJ^ihmemyU43^memylsulnny^

30 2^oxymethyl-6/7Hnmethyl-l-[3<memyls^

amine;
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2-methoxyethyl^/7^

amine;

2^yclopropylmethyWJ-d^

c]pyridin-4-amine;

6/7-dimerthyl-l-[3^henylthio)^^

2A7-trimethyl-l-[3-(phenyltMo)p^

2^thyl^/7-dime%^^

6J-dimethyl-l-[3^henylto^

24ratyi4/7-4imet^

2^oxymethyl-6^Klimethyl-l-[3^henylthio)propyl]

amine;

2-methoxy<^yW^e^

amine;

2K;yclopropy]mea^

amine;

67-dimethyl4-[3^henyis^

2,6,7-tmethyl-l-[3^henj4sulfonyl)p^

2^yi^,7-dimethyl-1^3^henjdsulfonyl)propyy

6J^limethyH-[3-(phenylsulfo^^

2-butyWJ-^toe%14^3-(phenylsulfonyl)propyl]-l^

2^thoxymethyl^/7Kiime^

amine;

2-methoxyethyl^,7-dmethyl-l^

amine;

2^yclopropyIme%l^;7Kiime^

c]pyridin-4-amine;

6,7-Kiimethyi-H3^henylsulfto^

2,6J-trimethyl-l-[3-(phenylsulfo

2^thyl-6/7-«iimethyi-l-[3^^

6J-^limethyM-[3^henylsulfiny^

24>utyWJ-dim<^yi-l-P^
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2-ethoxymethyl-6,7-dimethyl-l -[3^henylsulfinyl)prop

amine;

2-methoxyethyl^jKiimethyl-l^^

amine;

5 2^yciopropylmethyW,7-<to

cJpyridin-4-amine;

6J-dimethyl-l-[3^yriniidin-2-ylthio)pro^

2,6/7-trimethyM-[3KpyrM

2^thyi^,7KiimethyM-[3-(pyr^

10 6J^iimethyl-H3^yrim

amine;

2-butyW,7-dimethyl-143^yriird(iin-2-yUthio

amine;

2^oxymethyW/7-dimethyl-H^

15 4-amine;

2-methoxyelhyWJ-dimethyl-l-[3-(pyiimidin-2-yltW

4-amine;

2^yclopropylmethyl^,7-dimetty^^

c]pyridin-4-amine;

20 6/7-dimethyl-H3-(pyrimidi^

2,6J-trimethyl-l-[3-(pyiitnidin-2-ylsulfonyO

2-e%l^/7KlimethyM-[3^yriinid^

amine;

6,7-dimethyl-1-[3-(pyrimidin-2-ylsuIfonyl)propyl]-2-propyl-l/7-imidazo[4,5-c]pyridin-4-

25 amine;

2-butyW/7-dmethyM^

amine;

2^thoxymethyl^,7-dimethyM

c]pyridin-4«amine;

30 2-methoxyethyl^,7-dime%l-l-[3^yrimidm-2

c]pyridin-4-amine;
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2^yclopropy!me&yW

c]pyridin-4-amine;

6J-<iimethyM-[3^yrim

2A7-trimethyi-l-[3^yr^

2-ethyW/7-dimethyi-l-[3^^

amine;

6/7-dimethyM-[3^yrinu^

amine;

2-butyWJ^ethyi-l-[3-(pyrin^

amine;

2^oxymethyWJ-dimethyl-l-[3-(pyrimidin-2-yl^^

c]pyridin-4-amine;

2-methoxye%l-6J-dimethyl-l-[3-(pyrimidm^

c]pyridin-4-amine;

2^yclopiopyImethyl-6J.<i^^

c]pyridin-4-amine;

l-[3^utylttoo)propyl]-6J-(to

l-[3-(butylthio)pr^

l-[3^utylthio)propyl]-2-e^

1-[3-(butylthio)propyl]^

2-butyl-l-[3^utyltMo)pn>py^^

l-[3-(butylthio)propyl]-2^ox^

H3-(butylthio)propy^

l-[3^uty!tMo)propyl]-2^ycl^^^

amine;

l-[3-(butylsulfonyl)propyl]^/7-^

l-[3^utylsulfonyl)^

l-[3^utylsulfonyl)propyl]-^

1-[3^utylsulfonyl)propyl]^,7H^

2-butyl-l-[3-(butylsulfony^^

H3^utylsulfonyl)propyl]-2^to

amine;
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H3^utytsulfonyl)propyl]-2-m^

amine;

l-[3^utylsulfonyl)propyl]-2-cyclopro^

4-amine;

5 i-[3-(butylsulfmyl)propyl]-6J-dnnemyl-lH-inri

l-[3-(butylsaufinyl)propyl]-2^7-^

l-[3-(butylsulfinyi)piopyl]-2-^

1-[3^iitylsulfinyl)propyl]A7^emyl-2-propyl-lff-iimda^

2-butyl-l-[3Kbutylsulfinyl)pi^^^

10 l-[3-(butylsulfinyl)propyl]-2-e^^

amine;

l-[3-(butylsulfinyl)propyl]-2-memox^^^

amine;

l-[3-(butylfmlfoyl)propyl]-2^yclopi^^^

15 4-amine;

l-{3-[(2,4^ncMorophenyl)tMo]propyl}^

l-{3-[(2^cMorophenyl)Mo]propyty^^^

amine;

!.{3.[(2/l-dicMorophenyl)tMo]propy^

20 amine;

1-{34(2,4^cMorophOTyl)too]propy^

4-amine;

2-butyl-l-{3-[(2,4-<ncMorophenyl^

amine;

25 l-{3-[(2,4-mcUorophenyl)tMo]propyl}-2-emoxymemyl-6J-dim

c]pyri<Un-4-amine;

l-{3-[(2,4-dicMorophenyl)tbio]propyl}-2-memoxyemyl-6J-dimemyl^

c]pyridin-4-amine;

l-{3-[(2,4-dicMoiophenyl)tbio]propyl}-2-cyclopn)pylmemyW-dm

30 imidazo[4,5-c]pyridm-4-amine;

l-{3-[(2,4-mchlorophenyl)sulfo^

amine;

90



WO 03/103584
PCT/US03/17659

l-{3-[(2/WicUoiophenyty^

amine;

l-{3-[(2,4^cMon>phenyI)^^

c]pyridin-4-amine;

5 1-{3-[(2,4-dichlorophetiyl)sulfonyl]pxopyl}^J-dimethyl-2-prop>d-l/f-imidazo[4,5-

c]pyridin-4-amine;

24>utyl-l-{3-[(2A^cMoroplu^^

c]pyiidin-4-amine;

l-{3<(2,4^cMorophenyl)su^

10 imidazo[4,5^]pyridin-4-amine;

l-{3-[(2,4^cMorophenyl)su^

imidazo[4,5-c]pyridin-4-amiiie;

l-{3-[(2A<fccMorophenyl)^

iaiida2o[4,5-c]pyridin-4-amine;

15 M3-[(2,4^cMorophenyl)s^^

amine;

l-{3-[(2,4^cMoix>phenyl)s^^

amine;

1- {3^(2,4^cMorophenyl)sul^

20 c]pyridin-4-amine;

1-{3-[(2A<iicMorophenyi)sid^

c]pyridin-4-amine;

2-butyi-l-{3-[(2/l^cMoroph^

c]pyridin-4-amine;

25 l-{3-[(2^dicMorophenyl)sul^

imidazo[4,5^]pyridin-4-ainine;

l-{3-[(2/^cMorophenyl)sul^^

imidazo[4,5-c]pyridin-4-ainine;

l-{3HX2,4^cMon>phenyl)sulfo^

30 imidazo[4,5-c]pyridin-4-amine;

1 -{3-[(2,4-difluorophenyl)thio]propyl} -6,7-dimethyl-l//-imidazo[4,5-c]pyridin-4-amine;
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l.{3-[(2A^uorophenyl)^

amine;

2^yi-l-{3-[(2,4^fluo^

amine;

5 i_{3-[(2/Wifluorop^

4-amine;

24>utyM-{3-[(2,4HMuoroph^

amine;

2^oxymethyl-l-{3-[(2,4KMuo^

10 c]pyridin-4-amine;

l-{3^(2,4^uorophenyl)t^

c]pyridin-4-amine;

2*yclopropylmethyl-l-{3-[(2,4^uo^

imidazo[4,5-c]pyridin-4-amine;

15 l-{3^(2,4Klifluoroph^

amine;

l-{34(2,4Kimuorophenyl)sulfonyl]piopyl}-2,6J-trra

amine;

2^thyM-{3-[(2A^uoiophenyl)s^

20 c]pyridin-4-amine;

1-{3-[(2>Kimuorophmyl)s^^

c]pyridin-4-amine;

2-butyM-{3-[(2,4^uo^

c]pyridin-4-amine;

25 2-ethoxyme%M-{3-[(2,4-dm^^

imidazo[4,5-c]pyridin-4-amine;

1- {3-[(2,4-difluorophenyl)sulfonyl]pn>pyl} -2-methoxyethyl-6,7-dimethyl-l^

imidazo[4,5-c]pyridm-4-amine;

2^yclopropylmethyM-{3-[(2/^^

30 imidazo[4,5-c]pyridin-^amine;

l-{3-[(2,4^uorophenyl)sulfinyl]propyl}^,7-dime%l-l^

amine;
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1- {3-[(2,4-difluorophmyi)si^^

amine;

2^thyl-l-{3-[(2,4^uoioph^^

cJpyridin-4-amine;

5 1- {3-[(2/Mmuorophe&iyl)su^

c]pyridin-4-amine;

2-butyl-1 -{3-[(2,4^uorophenyI)sul^yl]propyl}^J^limethyl-li/-imidazo[4,5-

c]pyridin-4-amine;

2-ethoxymethyl-l- {3-[(2,4-difluorophenyl)suljBnyl]piDpyl} ^,7-dimethyl4^-imidazo[4,5-

10 c]pyridin-4-amine;

1-{3-[(2>4-difluorophenyl)sul^yi]propyl}-2-mcthoxyB%^

c]pyridin-4-amine;

2^yclopropylmethyM-{3-[(2,4^

imida2»[4,5^]pyridin^amine;

15 7-methyl-l-[3-(methyltMo)propyl^^

2,7-dime%l-l-[3-(methylthio)piopyl]-lff-irdda^

2^thyl-7-methyl4-[3^methylthio)propyl]-l/r-imi

6,7-dmethyl-l-[3^methylto

2-butyl-7-methyM-[3^meihyl^

20 2-ethoxymethyl-7-methyl- 1-[3-(methyltMo)propyl]-

2-methoxyethyl-7-me%M^

2n;yclopropylmefliyi-7-m^

amine;

7-methyl-143^methylsulfonyl)pr^

25 2jKiimethyl-l-[3^methylsu^

2^%1-7-methyl-l-[3^methylsulfonyl)prDpyi]-li^

7-methyl- 1 -[3~(methylsulfonyl)propyl]-2^

2^utyl-7-methyl-l-[3^methyls^

2H5thoxymethyl-7-methyl-H^

30 amine;

2-methoxyethyl-7-methyM^

amine;
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2^yclopropylmeth^

amine;

7-mefeyl-H3^methylsul^

2J-dimethyl-l-t3^methylsulfeyl)propyl]

2^yl-7-methyl-l-[3-(methylsi^

7-methyl-H3<methylsulfaylfr^

2-butyl-7<nethyl-H3<methylsu^

2-ethoxymethyi-7-met^

amine;

2-methoxyethyl-7-methyM^

amine;

2<yclopropylmethyl-7-methyM^

amine;

7-methyl-l-[3-(phenylthio)pi^

2/7-dimethyl-l-[3-(phen^

2H5thyl-7nnethyl-H3-(phen^^

7-methyM-[3^henylthio)propyl]^

24>utyl-7-methyl-l-[3-(pheny^

2^thoxymethyl-7-methyM-[3^^

2-methoxyethyl-7-metiiyl-l-P

2n;yclopropylme%l-7-methyM

amine;

7-methyl-l-[3-(phenylsulfonyl)pro^

2J-dimethyi-l-[3^henylsiilfonyl)propyl]-li/-M

2H5thyl-7-methyl-l-[3^henyl^

7-methyl-l -[3-(phenylsulfonyl)propyl]-2-propyHJ¥-imidazo[4,5-c]pyridin^ainine;

24)Utyl-7-methyM-[3^henyi^

2Htfhoxymethyl-7-methyM^

amine;

2-methoxyethyl-7-methyl-l-[3<phe^

amine;
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2^yclopropylmethyl-7-methyl-H^

amine;

7-methyl-l-[3^henyIsulfinyi^^

2J^iimethyI-l-[3^henylsulf^

5 2^thyl-7-methyi-l-[3^henylsulfi^^

7-methyl-l-[3^henybnilfoyl)propyl^

2-butyi-7-methyl- 1-[3-(phenylsulfinyl)propyl]-l#-imidazo[4,5^]pyridin-4-amine;

2^thoxymeihyl-7-methyl-l-[3^h^

amine;

10 2-methoxyethyl-7-methyl-l-[3^h^

amine;

2-cyclopropytaethyl-7-methyl-H

amine;

7-methyl-l-[3^yrimidin-2-ylthio)propyl]

15 2J-dimethyM-[3^yrimi^

2^thyl-7-methyM43^yrimi^

7-methyl-l-[3-(pyrimidin-2-^

2-butyl-7-methyl4-[3^yriinidin-2-yUthio)piopyl]-l^

2^thoxymethyl-7-methyM-[3-(pyr^

20 amine;

2-methoxyethyl-7-methyl-l-[3-(pyrim

amine;

2^yclopropylmethyl-7-methyM-[3-(pyri^

c}pyridin-4-amine;

25 7-methyi-l-[3-(pyrinridm^

2,7-dime%M-[3-(pyrimidm^^

2-ethyl-7-methyi-H3^yrimidm^^

amine;

7-methyl-H3-(pyriimdm^

30 amine;

2-butyi-7-methyl-l-[3^yrfmidin-2-ylsulfo

amine;
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2-ethoxymethyl-7-methyl-H

4-amine;

2-methoxyethyl-7-methyl-l-[3^y^

4-amine;

5 2-cyclopropylmethyl-7-^^

c]pyridin-4-amine;

7-methyl-l-[3-(pyrimidin-2-ylsulfinyl)propyl]

2Jniimethyi-l-[3-(pyrimidin-2-ylsulfinyl)pro^

2^thyl-7-methyl-l-[3-(pyrimidin-2-ylsulfin

10 7-methyM-[3^yrinudin-2-ybi^

amine;

2-butyl-7-methyl-l-[3^yri^

2-ethoxymethyl-7-methyM-[3-(p^

4-amine;

1 5 2-methoxyethyl-7-methyl4-[3-(pyri^

famine;

2-cyclopropylmethyl-7-methyl-l-[3»(pyrimidin-2-ylsu^

cJpyridin-4-amine;

l-[3-(butylthio)propyl]-7-methyl-^

20 l-[3-(butylthio)propyl]-2;7K^

l-[3^utylthio)propyl]-2^th^

1-[3-(butylthio)propyl]-7-methyl-2-pro^

2-butyM-[3-(butylthio)propyl]-7-methyl-li^-iirudazo[4,5^]pyridin-4-amine;

l-[3-(butylthio)propyl]-2-e^

25 l-[3^utylthio)propyl]-2-me(hoxy^^

l-[3-(butyithio)propyl]-2^yclopi^^^

amine;

l-[3-(butykulfonyl)propyl]-7-me^

1^3^utylsulfonyl)propyl]-2/7^^

30 l-[3^utylsulfonyl)propyl]-2^

1-[3Kbutylsulfonyl)pro^^

2-butyM-[3-(butylsulfonyl^^
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l-[3^utylsulfonyI)propyl]-2-^

l-[3^utylsulfonyl)pTopyl]-2-methoxye%l-7-methyl-lff-inu

H3^utylsulfonyl)propyl]-2K:ycl^^^

amine;

5 l-[3^utylsulfinyl)propyl]-7-memyM^^

l-[3^utylsulfinyl)propyl]A7^e^

I-[3^utylsulfinyl)propyl]-2^y^^

1-[3^utylsulfcyl)propyl>7-mefoyl^^

2-bulyl-l-[3^utylsul&iyl)propyl]-7-melhyl-l^-miidaro

10 l-[3^utylsulfinyl)propyl]-2^moxyme^^
l-[3^utylsulfinyl)propyl]-2Mne^

amine;

l-[3^utylsulfimyl)propyl^

4-amine;

15 l-{3-[(2,4KucMorophmyl)tmo]pr^

1- {3-[(2,4^Kclilorophenyl)thio]propyl}-2jKlimemyl-L^-iniidazo[4,5^]pyridk^amine;

l-{3-[(2,4^cMorophenyl)thio]pi^

amine;

1- {3-[(2,4-dichlorophenyl)thio3propyl} -7-memyl-2^ropyl-l/f-imidazo[4,5-c]pyridin-4-

20 amine;

2-butyl-l-{3-[(2,4HiicMorophemyl)tmo]pro^

amine;

l-{3-[(2,4KucMorophenyl)tmo]pr^^^

c]pyridin-4-amine;

25 l-{3-[(2,4^cMorophenyl)1^

c]pyridin-4-amine;

l-{3-[(2,4^cMorophOTyl)tbio]pi^^

c]pyridin-4-amine;

l-{3-[(2,4KncMorophenyl)sulfony^

30 l-{3-[(2AmcMorophenyl)sulf<^

amine;

97



WO 03/103584 PCTAJS03/17659

l_{3-[(2,4^cMorophrayl)s^

4-amine;

l.{3-[(2,4^chlorophenyl)siilfonyl]propyi}-7-m

4-amine;

5 2-butyl-l-{3-[(2,4^chIorophenyi)sulfonyl]propyl}-7-m

4-amine;

1-{34(2,4^cWorophenyl)sulfonyl]propyl}-2^thoxymethyl-7-methyl-17f-imidazo[4,5-

c]pyridin-4-amine;

l-{3-[(2,4-dicmoroph^

10 c]pyridin-4-amine;

l-{3-[(2,4-dicMorophenyl)s^^

imidazo[4,5-c]pyridin^amine;

l-{3-[(2,4-dicMorophenyl)s^^

l-{3-[(2,4-dicMorophen^^

15 amine;

l_{3_[(2,4^cWorophenyl)sulfa^

amine;

l-{3-[(2,4-dicMoiophenyI)su^^

4-amine;

20 2-butyl-l - {3-[(2,44ichlorophenyl)siilfinyl]propyl}-7-methyl-lff-imidazo[4,5-c]pyridin-4'

amine;

1- {3-[(2,4^cMorophenyl)sulfi^^

c]pyridin-4-amine;

l-{3-[(2,4-<UcMorophenyl)su^

25 cJpyridin-4-amine;

l.{3-[(2,4^cMorophenyl)sulfin^^^

imidazo[4,5-c]pyridin-4-amine;

l-{3-[(2A^fluorophenyl)thto^

l-{3-[(2>
4-difluorophenyl)to^

30 2-ethyl-l-{3-[(2,4Kimuorophenyl)thio]propyl}-7-me%

amine;

98



WO 03/103584
PCIYUS03/17659

1-{3-[(2,4-difluoroph^

amine;

2-butyl-l-{3-[(2,4-dffiuoroph^^

amine;

5 2-ethoxymethyi- 1 - {3-[(2,4-difluorDphenyl)thio]propyl}-7-methyM#-imidazo[4,5-

c]pyridin-4-amine;

l-{3-[(2,4^fluorophenyl)thio]pr^

c]pyridin-4-amine;

2^yclopropyimethy^^

10 cJpyridin-4-amine;

l-{3-[(2,4-difluorophenyl)sulfonyl]propyl}-7-methyl-l^

1- {3-[(2,4-difluorophenyl)^^

amine;

2-e%l-l-{3-[(2,4-difluoro^^

15 amine;

1- {34(2,4^uorophenyl)sulfo^^

4-amine;

2-butyM-{34(2,4-dmuor^

amine;

20 2^thoxymethyl-l- {3-[(2,4^uorophenyl)sulfonyl]pi^

c]pyridin-4-amine;

1- {3-[(2,4-difluorophenyl)sulfonyl]propyl}^-2-methoxyethyl-7-methjd-l//-imidazo[4,5-

c]pyridin-4-amine;

2^yclopropylmethyl-l-{34(2A<M^

25 imidazo[4,5^]pyridin-4~amine;

1- {3-[(2,4-<Muorophenyl)sul^

l-{3-[(2,4-<Muorophenyi)sulfoyl^^

amine;

2^yl-l-{3-[(2,4^uorophenyl)su^

30 amine;

1 - {3-[(2,4-difluorophenyl)sulfinyl]propyl} -7-methyl-2-propyl-Lff-imidazo[4,5-c]pyridin-

4-amine;
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24>utyl-l-{3-[(2,4^vujropbenyi)su^

amine;

2-etboxymethyl-lH3-[(2,4^iioiopheiiyl)suffinyl]prop

c]pyridin-4-amine;

5 i-{3-[(2,4^uorophenyl)sulfinyl]propyl}^^

c]pyridin-4-amine;

2-cyclopropylmethyl-l-{3-[(2,4^uoropbenyl)sulfinyl]propyl}-7.methyl-^

imidazo[4,5-c]pyridin-4-amine;

6J^efoyl-l-[4KmemylMo)butylH/Mm

10 2&7-trimeihyl-l-[4-(me«hyltmo)b^

2^yW,7-dimethyM-[4^metoylthio^

6/7-dimethyl-H4^mefoyltao)^^^

2-butyW,7^miiethyl-H4<mefoy^

2^tboxymetbyl^J^ethyl444-(metbyltMo)butyl]-li/-iimdaOT

15 2-memoxyemyW^efoyl-l-[4^mefoyltmo^

2^clopropybiiethyl^;7^etoyl-H4-fa^

amine;

6,7-dimethyl-144^memylsulfonyl)butyl]-lH-iimda2o[4,5-c]pyri

2A7-trimemyl-l-[4-(memylsulfonyl)butyl]-li/-imidazo[4,5-clpyri

20 2^thyM,7-dmethyl-l-[4<meth^^

6/7^erayl-M4-(memylsulfonyl)^^^

2-butyW/7^emyl-l-[4^metoylsulfo^^

2^thoxymethyl-6J-dimemyl4^4-(methylsulfonyl)butyl]-l/f-imida^

amine;

25 2-memoxyemyW^emyM-[4-(memykuto^^

amine;

2^yclopropybmetbyl^,7^emyl-l-[4KmemylsulfonyI)butyl]-l^M

4-amine;

6/7-dimetoyM-[4^metoylsulfoy^

30 2,6J-trimemyM-[4<memylsulfiny^^^

2^tbyl^,7^ethyl-l-[4<mefoyfeulfinyl)^^^

6,7^emyHWmemylsulfinyl)butyl]-2-pr^
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a-butyl-ej^Umethyl-l-^^

2^oxymethyl-6jHiimeW

amine;

2-m^oxyethyWjKlime^^^^

amine;

4-amine;

ejKiimethyH-^heay^

2,6J-trmieihyI-l-[4^

2^yW^ethyl-l-[4-(phenyI^

6.7^erayl-H4Kphenylthio)b^

2-butyI-6J-<iimethyl-l^^

2*thoxymethyi-6/7^ethyl-H^^

amine;

6/^emyl-l-[4^henyls^^^

2A7-trimethyl-l-[4-(phen^^
2^hyWJ-dimetbyl-l-[4Kphe^^^

6.7^emyM-[4-{pheny^^

24>utyl^7^ethyl-l-[4-(phenylSulfonyl)butyl]-lH-ttTudaM
2^oxymemyl-VHiimemyl-I-^

amine;

2-mefoxyethyW^^
amine;

2^yclopropylmethyI-6J^ethyI-l-[4-(phenyIsulfpnyl)bu^

4-amine;

6,7^<^yl-l-[4-(PhenyIsuifinyl)butyl].l^.imidaM
2A7-trimemyl-H4-{phenyls^
2^hylA7-dimethyl-l-^

^^W-^henyisu^^^
2-b*yl-6J^ethyl-l-^^
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2-ethoxymethyi^jKlme%

amine;

2-methoxyethyW/7-dime%^

amine;

5 2-cyclopropylmeihyl-6,7-<^^

4-amine;

6,7-dmethyl4-[4-(pyri^

2,6j4imethyM-[4-(pyri^

2-e%l-6;7-dime%l-l-[4-(py^

10 6/7Klimethyl-l-[4~(pyrimic^

2-butyl-6J-dimethyM-[^

2-ethoxymethyl-6jKiimethyi-l-[4^yrinu

4-amine;

2-methoxyethyl-6,7-dimethyl-l -[4-{pyrimidin-2-yith^

15 4-amine;

2^yclopropyImethyl-6J-<^^

cJpyridin-4-amine;

6,7-dimethyI-l-[4^yrin^

2,6J-trimethyl-l-[4^yr^^

20 2^thyI-6/7-^e%M-[4-fr^

amine;

6,7-dimethyl-144-(pyrimidin-2-yls^

amine;

24>utyl^J-dimethyl-l^^

25 amine;

2-ethoxymethyl-6J-^

c]pyridin-4-amine;

2-methoxyethyl-6jHiimethyl-l-[^

cjpyridin-4-amine;

30 2^yclopropylmethyl-6J-^

c]pyridin-4-arnine;

6,7nlimethyl-l-[4-(pyrimidm^
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amine;

amine;

2-butyWjKfimethyI-l-[4^yrimidin-2-ylsuIfc

amine;

2^wxyiMd^^7-dinie^

c]pyridin-4-amine;

2-^oxye%K7^etfayl^
c]pyridin-4-amine;

c]pyridin-4-amine;

l-f^KbiitylthioJbutylHJ-diniethyl-l^

H^utyMuo^uty^
H^^tMo^tyl]^^^^
W^utyltbio^utylW^^

24,utyM-[4^utyItl^^

H4^utyltbio)butyl]-2^^^

amine;

H4-(butyisulfo^^

H^utylsulfon^^^

H4-(butyfeulfony0b^
2-b*yl-H4-(buty]s^^^

amine;

amine;

103



WO 03/J03584 PCIYUS03/17659

l-[4^utylsulfonyl)butyl^

4-amine;

1-[4^utylsulfinyi)butyl]-6,7-dimethyl-lif-imidazo[4,5^]pyridin^amine;

l-[4^utylsulfkiyl)butyl]-2,6,7-trm

5 l-[4-(butyteulfinyl^

1-[4^utylsulfinyl)butyl]-6J-<limethyl-2-pro^

2-butyl-l-[4^utylsulfinyl)butyl^^^

1-[4-(butylsulfinyl)butyl]-2^o l#-imidazo[4,5-c]pyridin^-

amine;

.10 H4-(butylsulfinyl)butyl]-2-mefo^^

amine;

H4^utylsulfinyl)butyl^

amine;

M4-[(2,4^cMoix>phenyl)tMo]but^

1 5 1- {4-[(2,4^chlorophenyl)thio]b^

l-{4-[(2,4^chlorophenyl)t^

amine;

l-{4-[(2,4^cMoropherayl)tMo]buty^^

amine;

20 2-butyH-{4-[(2,4^cMoropte

amine;

l-{44(2,4^cMorophenyl)th^

c]pyridin-4-amine;

M4-[(2,4^cMon>phefcy^

25 c]pyridin-4-amine;

l-{4-[(2,4^cMorophenyl)thio]bu^^

imidazo[4>5^]pyridm-4-amine;

l-{4-[(2/^cMorophenyl)suto^

amine;

30 l-{4-[(2A<fccMoroph^

amine;
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M4-[(2,4^cMor^^

cJpyridin-4-amine;

H4-[(2,4^cttoi^

cJpyridin-4-amine;

2-butyI-H4-[(2,^^

c]pyridin-4-amine;

M4-[(2,4^chloix^

cJpyridin-4-amine;

M44(2,4^cbJoiopheayl)sulf^^^

c]pyridin-4-amine;

l-{4-[(2,4^cWorophenyl)sulfonyl]butyl}-2^yclopropylmethyl^,7H^

imidazo[4,5^]pyridin-4-amine;

H4m4^cbJ0rophmyl)sulfinyl]b^

amine;

H4-[(2,4-dichloropheny0

amine;

4-amine;

H4^4KUcMorophmyl)sulfiny^

c]pyridia-4-amine;

2^1-M4^4^ii(m]orophenyl)OT^
c]pyridin-4-amine;

l-M&^cMorophmyl)^
c]pyridin-4~amine;

H4m4^cMorophenyl)sulnnyl]b^^

c]pyridin-4-amine;

l-{4-[(2,4^chlorophenyl)sulnnyl]butyl}-2-cyclopropyIm^

inudazo[4,5-c]pyridin-4-amine;

M4^4^uorophenyl)tmoM

H4^4^uon>phenyl)tbio«

2^yl-l-{4-[(2,4Kiifluon^^

amine;
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1-{4-[(2,4^uorophmyl)^

amine;

2-butyl-l- {4-[(2,4-difluorophenyl)thio]butyl} ^,7-dimethyl-lJY-imidazo[4,5^1pyridin-4-

amine;

5 2-ethoxjnme%l-l-{4^

c]pyridin-4-amine;

1- {4-[(2,4-difluorophenyl)thio]butyI} -2-methoxyeihyl-6,7^1imethyl-li3r-imidazo[4,5-

c]pyridin-4-amine;

2^yclopropy!metliyM-{4-[(2,4^

10 cJpyridin-4-amine;

H^(2,4^uorophmyl)sulfo^^

amine;

1 -{4-[(2,4-difluorophenyl)sulfonyl]butyl} -2,6J-trime^l^H-imidazo^^^Jpyridin-^

amine;

15 2^thyM-{4-[(2,4-difl™^

c]pyridin-4-amine;

1 - {4-[(2,4-difluorophenyl)sulfonyl]butyl} -6Jnlimethyl-2-propyl-liY-iiiiidazot4,5-

c]pyridin-4-amine;

2-butyM-{4-[(2,4^uorophrayl)s^^

20 c]pyridin-4-amine;

2-ethoxymethyM-{4-[(2,4^u^

c]pyridin-4-amine;

1 - {4-[(2,4-difluorophenyl)sulfonyl]butyl}-2-methoxyethyl^J-dimethyl^H-imidazo[4,5-

c]pyridin-4~amine;

25 2n;yclopn>pylmethyM-{4-[(2,4-^

imidazo[4,5^]pyridin-4-amine;

1- {4-[(2,4-difluorophenyl)su^

amine;

1 - {4-[(2,4-difluorophenyl)sulfinyl]bntyl}-2,6J-trimethyl4//-imidazo[4,5^]pyridin-4-

30 amine;

2-ethyH - {4-[(2,4-difluoiophenyi)sulfinyl]butyl} -6,7-dimethyl-lif-imidazo[4,5-c]pyridin-

4-amine;
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M4-[(2,4^uo^^

c]pyridin-4-amine;

2-butyl-l-{4-[(2,4^uoiophCTyl)Sulfinyi]butyl}-6J-dime%l-lH-M
4-amine;

2^tooxymethyM-{4-[(2,4^no^^

c]pyridin-4-amine;

1-{4-[(2,4^i»rophenyl)Sulfinyl]butyl}-2-methoxyeth

c]pyridin-4-amine;

2<yclopropytae^

imidazo[4,5-c]pyridin-4-amine;

7-memyM^4KmethyllMo)butylH^^

2,7^etfayI-l-[4<methyltbio^

2^thyl-7-methyl-144-(me«hyltbio)butylJ-lif-iim^to

6J^ethyi-l-[4^metfayl^

2-butyl-7-methyM-[4^methy^^^

2^oxymethyl-7-methyI-l-[4<metbyltbio)butyl]4^imi^

2-methoxyefoyl-7-me%l-l-[4Kmetotf^

2^ycIopropymiethyi-7-m<^^

amine;

7-mefoyl-l-[4^methylsulfon^

2J^ethyl-l-[4-(methyl!mlfonyl)biityl]-l/f-imid^

2^thyi-7-methyl-l-[4KmemylsuIfonyl)butyl]-li7-û

7-methyl-l-[4-(methykulfony0butyl]-2
i)ropyi4/f-M

2-butyl-7-methyi-l-[4^m^^
2^oxymethyl-7-metfayl-l-[4^m^^
2-methoxyethyl-7-methyl-l-[4^^

2^1opropytaiethyl-7-methyl-l-[4<meth

amine;

7-methyl-l-[4^methylsulfi^^^^

2J^ethyl-l-[4^memylsulfi^

2^thyl-7-me%l-l-[4Kmeroyls^

'-methyl-l-^metylsul^^
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2^utyl-7-me%l-l-[4^metty^

2-ethoxymethyl-7-methyl-l-[4-fa^

2-methoxyethyl-7-me^

2^yclopropylmethyl-7-methyl-I^

5 amine;

7-methyl- 1-[4-{phenylthio)butyl]-l//-imidazo[4,5-c]pyridin-4-amine;

2/7-dimethyl-l -[4-(phenylthio)butylH^

2-ethyl-7-methyl-l-[4^henylth^

7-methyl- 1-[4-{phenylthio)butyl]-2-propyl- 1/f-imidazo^^-c]pyridin-4-amiiie;

10 2-butyl-7-methyl-l-[4-(phenyltft^^

2-ethoxymethyl-7-me^yl-l-[4^henyl^

2-methoxye(hyl-7-methyM

2-cyclopropylmethyl-7-me%l-l-[^

amine;

15 7-methyl-i-[4-(phenylsulfon^

2/7-dimethyl-l-[4-(phenykulfonyl)^^

2-ethyl-7-methyl-l-[4^henylsulfony^

7-methyl- 1-[4-{phenylsiilfonyl)butyl]-2-pix)pyl-l#-imidazo[4,5-c]pyridin-4-amine;

2-butyl-7-methyl-l-[4-(phenyIs^^

20 2-ethoxymethyl-7-me%M-[4-(ph^

2-methoxyethyl-7-methyM-[^

2^yclopropylme%l-7-methyI-l-[^

amine;

7-methyl- 1-[4-(phenylsulfinyl)butyl]-l//-im^

25 2/7-dimethyl-l-[4-(phenylsulfo^

2-ethyl-7-methyl-l-[4-(phenyl^^

7-methyl-l-[4-(phenylsulfinyl)buty^^

2-butyl-7-methyi-l-[4-(phenyls^

2^thoxymethyl-7-methyl-H

30 2-methoxyethyl-7-me%l-l-[4-(pheny^

2^yclopropylmethyl-7-methyl-H^

amine;
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7-^yM-[4Kpyrinii^^

2jHlimethyI-l-[4^yrimidin-2-3dthio)butyl]-l^

2^yl-7Hnethyl-l-[4-^^

7.methyI-I-[4^yrimidin-2.yltbio)butyl].2-propyN

2-butyl-7-methyl444^yrimidm-2-yUthio)butyl>

2^oxymemyl-7-me%M-[4-<py^^

amine;

2-m<^oxye%l-7-me%l-l^

amine;

2«yclopropyIme%l-7-m^^

4-amine;

7-mefoyl-l-[4^yrinii<^

2,7^ethyl-l-[4^yimudm-2-ylSulfony0butyl]-l/f-^

2^hyl-7-me%M-[4-(pyfm^^
7-memyl-l-[4-(Pyriinid^
amine;

2-bUtyl-7-methyl4-[4^yrimidin-2.ylSulfon^

2K5thoxymethyl-7-me^

4-amine;

2-methoxyethyl-7-me%l-l-[4^yrimidm-2-ylsulfony0

4-amine;

2^yclopropylmemyl-7-me^
c]pyridin-4-amine;

7-methyl-l.[4<pyrmiidm-2.ylSuIfcyl)butyl]-lfrM

2,7^ethyl-l-[4-(pyrimidm-2-ylsulfinyl)butyl]-l/f.n^

2-dM-7-memyl-l-[4-<pyr^^

7-memyl4-[4Kpyriimdm-2-ylSulnnyl)butyl]

2-butyl-7-mefcyl-l-[4-k^
'

2-ethoxymethyl-7-me%14-[4^yrmndm-2-ylsulfin

4-amine;

2-memoxyemyl-7-methyl-l-[4Kpyriinidm-2-yiSu^
4-amine;
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2^yclopropylmethyl-7-me^

c]pyridin-4-amine;

1 -[4-(butylthio)butyl]-7-methyl-li/-imidazo[4,5^]pyridin^amine;

l-[4^utyltMo)butyl]-2,7H^

5 l-[4^utyltMo)butyl]-2-rihyl-7-m

1-[4-(butylttoo)butyl]-7-methyl-2-propyl-lif-iim

2-butyl-l -[4-(butylthio)butyl]-7-me%^

l-[4^utyltluo)butyi]-2-e&^

1-[4-(butylthio)butyl]-2-methoxyethyl-7-methyl--l//-imidazo[4,5^]pyridin^amine;

10 l-[4^utyltMo)butyi]-2-^^^

l-[4^utylsulfonyl)butyl]^

1-[4^utjdsulfonyl)but>d]-2J^limethyl-ljtf-imidazo[4,5-c]pyridin-4-amine;

l-[4-(butyisulfonyl^

l-[4<butylsulfonyl)^^^

15 2-butyl-l-[4-(>ut>dsulfonyl)butyl]-7-methyi-li/-imidazo[4,5^]pyridin^ainiQe;

1-[4-(butylsulfonyl)butyl]-2-ethoxymethyl-7-methyl-l^imidazo[455^]pyridin-4-amiDe;

l-[4^utylsulfonyl)butyl^

1-[4^utylsulfonyl)butyl]-2^yclopiX)pylmethyl-7-methjd- l//-imidazo[4,5^]pyridin-4-

amine;

20 l-[4^utylsulfinyl)buty^^

l-[4^utylsulfinyi)b^^

l-[4-(butyisulfinyl)b^

1-[4-(butylsulfoiyl)buty^^

2-butyl-l-[4^utylsulfinyl)butyl]-7-methyl-l/f-im

25 H4^utylsulfrayl)buty^^

l-[4^utylsulfinyl)butyy

amine;

H^(butylsulfinyl)buty^^

amine;

30 l-{4-[(2,4^cMoropheny0^

1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2,7-dimethy1-1tf-imidazo[4,5-c]pyridin-4-amine;
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amine;

l-{4fl2,4^cMoropheny^

amine;

5 2-butyl-l-{4-[(2,4^cWorophenyl)tMo]butyl}-7-me(hyl-li/-inu

amine;

l-{4-[(2,4^cmoiX)ph^^

c]pyridin-4-amine;

W4-[(2^cMorophenyl)^

10 c]pyridm-^amine;

M4-[(2,4HiicUoi^^^

c]pyridin-4-amine;

l-{4-[(2,4^cWorophmyl)sulfonyl]butyl}-7-me%l-m-inu<^
M44(2,4^cblorophenyl)su^

15 amine;

amine;

l-{4-[(2
J4-dicWoroPhenyl)sulfonyl]butyl}-7.me4hyl-2-propyl-l^^^

4-amine;

20 2-butyl-l-{4-[(2,4^c^^

amine;

c]pyridin-4-amine;

l-{4-[(2,4KlicMorophenyl)Sulfonyi]butyl}-2-melhoxyemyl-7-m^
25 c]pyridin-4-amine;

imidazo[4,5-c]pyridin-4-amine;

l-{4-[(2,4^cMoropheny0si^^^

30 amine;

l-{4-[(2,4^cWorophenyl)sulfi^yl]bntyl}-2^yl-7-methyl-lif-M

amine;
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1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl}-7-methyl-2-propyl-l/f-imidazo[4,5-c]pyridin-4-

amine;

2-butyM-{4-[(2,4^icMoroph^

amine;

5 l-{4-[(2,4^cMorophenyl)sulfinyl]b^

c]pyridin-4-amine;

l-{4-[(2,4Ktichlorophenyl)sul^

c]pyridin-4-amine;

1- {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-cyclopropylmethyl-7-methyl- l/f-imidazo[4,5-

. 10 c]pyridin-4-amine;

l-{4-[(2/Wifluorophenyl)fo^

1-{4-[(2,4-dmuorophenyl)thioft^

2^thyM-{4-[(2,4^TO

amine;

15 l-{4-[(2,4-dmuorophenyl)tMo^

amine;

2-butyl-l- {4-[(2,4-difluorophenyl)thio]butyl} -7-methyl-l/f-imidazo[4,5-c]pyridin-4-

amine;

2^oxymethyI4-{4-[(2,4^uorophenyl)tWo]butyl}^

20 c]pyridin-4-amine;

l-{4-[(2/Wifluorophrayl)t^

cJpyridin-4-amine;

2^yclopropylmethyM-{4-[(2/^^

c]pyridin-4-amine;

25 l-{4-[(2/l-difluorophenyl)s

l-{4-[(2,4^uorophenyl)sulfony

amine;

2^thyM-{4-[(2,4^uoropheny

amine;

30 l-{4^[(2
>4Klifluorophenyl)sulfonyl]butyl}-7.methyl-2^

amine;
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2-butyl-l-{H(2,4^uorophenyl)^

amine;

2^oxyme%l-l-{4-[(2,4^u^

c]pyridin-4-amine;

l-{4-[(2,4KMuorophenyl)sulfonyl]butyl}-2-memoxye%l-7-m^

c]pyridin-4-amine;

2^yclopropy!memyM-{4-[(2/Wm^

mu'dazo[4,5-c]pyridin-4-amine;

l-{4-[(2Adifluorophenyl)sul£myl]butyl}-7-methyl-lif-im

l-{4-[(2,4^uoropheny0suIfinyl]buyl}-2jHiimethyl.l/f-M

2^yl-l-{4-[(2,4^uorophenyI)sulfinyI]butyl}-7-memyl4/f-m^

amine;

1-{4-[(2,4^uorophenyl)sulfin^

amine;

2-butyl-l-{4-[(2Adifluoroph^

amine;

2^moxymemyl4-{4-[(2,4^ffluorophenyl)sulfinyl]butyi}-7-memyl-l^

c]pyridin-4-amine;

W4-[(2,4^fluorophenyl)sulfiny^^

c]pyridin-4-amine;

2<yclopropylmetoyl-l-{4-[(2,4^^

c]pyridin-4-amine;

6J^etoyl-H5<methylltoo)pei^

2A7-trimethyl-l-[5^methyithio)pentyl]-lif-iniidazo[4^^^

2-efoyW;7-dimethyl-l-[5Kmefoyl^^

6J^emyl-l-[5^methyltmo)pentyl]-2-propyl-liy-iniidazo

24>utyW/7^efoyl-l-[5Kmefoylth^

2-etooxymemyMj^e%l-l-[5^me%^

amine;

2-methoxyemyl^7^emyl-l-[5-(memyltmo)pentyl]-l^-inn

amine;
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2^yclopropyimethyU6,7-^^

amine;

6jKlimethyl-l-[5-(methylsulfo^

2,6/7-t^ethyl-l-[5^me(hylsulfo^

5 2^thyW;7-dimethyl-l-[5-(me%^

6/7-«Iimethyi-l-[5-(methylsu^^

2-butyl-6/7-dimethyUl-[5^methyte^

2^oxymethyWjKiimethyM-[5^m

amine;

10 2-methoxyethyl-6/7KlimethyM^

amine;

2^yclbpiopylmethyl^J-dimethyM^

c]pyridin-4-amine;

6J-«Iimethyl-l-[5-(methyIs^^

15 2,6J-trimethyl-l-[5-(methyisulfinyl)pentyl]-l/f-unid

2^thyWjKlimethyl-l-[5^methylsul^

6J-dimethyl-l-[5-(methylsulf^

2-butyI^jKiimethyM-[S-(methyis^

2^thoxymethyl-6,7-dimethyl-l-[5^me

20 amine;

2-methoxyethyl-6/7-dimethyI-H^

amine;

2^yclopropylmethyl^J-dimethyl-l-[5^methylsulfinyl)pen

c]pyridin-4-amine;

25 6,7-«iimethyl-l-[5^henyitHo)pentyl]-l^^

2^7-trimethyM-[5-(phenylto

2^thyl^niimethyl-l-[5^henyltW^^

6/7Kiimethyl-l-[5-(phenyltto

2-butyl-6/7-dimethyl-l-[5-(phenylto

30 2^thoxymethyWjKlimethyl-l-[5^

amine;
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2-methoxyethyl^

amine;

2^yclopropytae%W

amine;

6»7^emyl-l-[5-(phenylsul^

2,6;7-trimethyl-l-[5^heny^

2^yl^^innethyl-l-[5^henyts^^^

6,7^emyM-[5^henyIsul^^

2-butyl-6J^emyM<5^henyl^^^

2^tnoxymemyl-6J^ethyl-l-^^

amine;

2-memoxyemyl^J^emyl-l-[5^henylfiulfonyl)pentyl3-m-im^

amine;

2^yclopi0pyImetoyWKlm^

cJpyridin-4-amine;

6/?Hiimemyl-H5-(phenyls^

2,6,7-trimefoyl-l-[5Kphenyls^

2-ethyl-6J^ethyl-l-[5^henylsu^^

6J^efoyl-l-[5^henylsulftiyl)p^

2-butyl-6jKumethyl-l-[5^henylsulfinyl)Pentyl]-lff-im

2^thoxymemyl^HlimemyU-[5^
amine;

2-methoxyetoyW^ethyl-H5^^^

amine;

2-cyclopropylmefoyl^;7^e^

c]pyridin-4-amine;

6,7Klimetoyl-l-[5^yrimi<^

2,6J-trimethyl-l-[5^yriniidin-2-yltMo)pentyl]^

2^myW,7^emyl-l.[5^yrimidm-2-yltMo)pentyl]-^

6J^emyl4-[5^yrimidm-2.yltbio)penty

amine;

2-bntyW,7Kumemyl-l-[5-(pyriimdm-2.yitbio)p^
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2-e^oxymethyW-dmethyM-[5^

4-amine;

4-amine;

5 2K;yclopiopylmemyl*J^emyH-[5^^

c]pyridin-4-amine;

6jMiime1hyUl-[5^yrimidm-2-ylsulfonyl)pentyl]-l^

2,6/7-trimemyM-[5-(pyrmii<^

2^myl^,7^1imemyM-[5^yrimi^^

10 amine;

6,7nimefoyl-l-[5-(pyrinu^^

amine;

2-butyW/7-dimemyl4-[5-(pyriirid^^^

amine;

15 2^oxymefoyl-6J-dmietoyl-l-[5-(py^

c]pyridin-4-amine;

2-memoxyemyl^7-<mTiemyl-l-[5^yrimidm-2-ylsulfon^

c]pyridin-4-amine;

2^yclopropytaemyW/7wiime%l-H5^^

20 c]pyridin-4-amine;

6jKlimemyl-l-[5<pyrinudm-2-ylsulfinyl)penty^^

2A7-trimemyl4-[5-(pyrinndm-2-ylsulfinyl^

2^yWJ-amethyl-l-[5-(pyrnmdm-2-ylsulfinyl)p^

amine;

25 6,7^emyl-l-[5-(pyriini(un-2-ylsiilfinyl)pentyq

amine;

2-butyWJ^ethyM-[5-(pyrimid^^^

amine;

2-emoxymemyl-6,7-dimemyl-l-[5-(pyrimidm-2-ylsulfin^

30 c]pyridin-4-amine;

2-memoxye%l-6J-dimemyl445^yrMdm-2-ylsulJmiyl^

c]pyridm-4-amine;
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2^yclopropylmethyi^

c]pyridin-4-amine;

l-[5^utyittoo)pentyq^

l-[5Kbutylthio)pentyl]-2^

5 l-[5^utylihio)pentyl]-2^^^

1-[5-(butyltWo)pentyl]-6J-dimethyl-2-p^^

2-butyM-[5-(butyifo^

l-[5^butylthio)pentyl]-2^

l-[5KbutyitMo)penty^

10 l-[5^utyithio)pentyl]-2^^

amine;

l-[5^utykulfonyl)pentyl^

l-[5-(butylsulfontf

l-[5<butylsulfonyl)penty^^

15 HS^utylsulfonyl)pen^^

2^>utyM-[5^utylsuto^

l-[5<butykulfonyl)pen^

amine;

l-[5^utylsulfonyl)pentyl]-2-m

20 amine;

l-[5^utylsulfonyl)penty^

4-amine;

l-[5-{butylsulfinyI)pen^

l-[5^utylsulfinyi)pen^

25 H5^utylsulfeyl)pentyl]^^

1-[5^utylsulfinyl)pentyl]-6J-^

2-butyM^5^utyl£*ilf^

l-[5^utykulfinyl)pen^

amine;

30 l-[5-(buty!sulfinyl)pentyl]-2-methoxyethyl^jHiim

amine;
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l-[5^utyisulfinyl)pentyl>^

4-amine;

l-{5-[(2,4^chlorophm^

l-{5-[(2,4^cMoiophenyl)t^

S amine;

l-{5-[(2,4^cMorophenyl)thio]pm^

amine;

l-{5-[(2,4Kiichiorophenyl)tta^

4-amine;

10 2-butyl-l-{5-[(2/l^cMorophenyl)^

amine;

l-{5-[(2,4^cMorophenyl)thio]pentyl^^^

c]pyridin-4-amine;

l-{5-[(2,4^cMorophenyl)thio]p^^

15 c]pyridin-4-amine;

I- {5-[(2,4-dichlorophenyl)tiiio]pentyl}-2K5yclopropylmethyl^7-^imethyl-l/f-

imidazo[4,5-c]pyridia-4-amine;

l-{5<(2,4^cMorophenyl)sulfonyl]pentyl^

amine;

20 l-{5-[(2,4^cMorophenyl)sulfonyl^

amine;

1-{5-[(2,4^cMorophenyl)sufo^ l/f-imidazo[4,5-

cJpyridin-4-amine;

1- {5-[(2,4-dichlorophenyl)suto^

25 c]pyridin-4-amine;

2-butyl-l-{5-[(2/UttcWoropheny^

c]pyridin-4-amine;

l-{5-[(2,4^cMoix>phenyl)sufo^

imidazo[4,5~c]pyridin-4-amine;

30 !-{5-[(2/WicMorophenyl)sulfo^^

imidazo[4,5-c]pyridin-4-amine;
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imida2o[4^-c]pyridin-4-amiae;

amine;

M5-[(2^cMorophenyl)su^^^

amine;

H5-[(2,4KiicMoroph^

c]pyridin-4-amine;

cjpyridin^amine;

2-b^l-M5-[(2,4^chloro^^^

c]pyridin-4-amine;

l-{5-K2,4^chlorophenyl)sulfinyl]pentyl}-2^

c]pyridin-4-amine;

c]pyridin-4-amine;

WHCAdicWoropheny^^

imidazo[4^-c]pyridin-4-amine;

amine;

amine;

HH<2*dmuorop^^
4-amine;

2-b^-W5-[(2,4^uorop^^^

amine;

2^oxymemyI-l-{H(2,4^^

c]pyridin-4-amine;

c]pyridin-4-amine;
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2^yclopropylmethyl-l-{5-^

imidazo[4,5^]pyridin-4-amine;

l-{5-[(2,4^uorc>phenyl)suto^

amine;

5 l-{54(2,4^uoix^henyl)sutf^^

amine;

2^%M-{5-[(2,4^uoroph^

c]pyridin-4-amine;

1- {5-[(2,4-difluorophenyl)sulfonyl3pentyl}^-dm

10 c]pyridin-4-amine;

2-butyl-l-{5-[(2,4^fluorophen^

c]pyridin-4~amine;

2^thoxymethyl-l-{5-[(2,4-difluorophenyl)sulfonyl]pOT

imidazo[4,5-c]pyridin-4-amine;

15 1- {5-[(2,4-difluorophenyl)sulfonyl3pentyl}-2-methoxyethyl-6,7-dimethyl-IH-

imidazo[4,5^]pyridin-4-ainine;

2^yclopropylmethyl-l-{5-[(2/W^^

imidazo[4,5-c]pyridin-4-amine;

l-{5-[(2,4^ifluorophenyl)su^

20 amine;

1-{5-[(2,4^ifluorophenyl)su^

amine;

2-ethyl-l-{5-[(2Adifluorophen^

c]pyridin-4-amine;

25 l-{5-[(2/l-difluon>phenyl)^^

c]pyridin-4-amine;

2-butyM-{5-[(2,4^uorophemyl)s^^

c]pyridin-4-amine;

2^thoxyme%l-l-{54(2,4^fluor^^

30 c]pyridin-4-amine;

1- {4-[(2,4-difluorophenyl)sulfinyl]pentyl}-2-methoxyethyl-6J-dimethyM//-imidazo[4,5-

c]pyridin-4-amine;
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2^clopropylme%l-l_{5^
unidazo[4,5-c]pyridiii-4-amine;

^^-Wmethyltmo)^^
aj-dimethyl-l-^metfayl^pentylj-lff-inuda^^^

2-butyI.7.methyl-l-[5KmethyltWo)pentyl]-l//-inn^

amine;

WimdhyU-[5Kmcfc^^
2^-7-*ethyM^^

^butyl-T-methyl-l-^methylsulfonylJpentyl]-!^

2^thoxymethyl-7-methyl-l-
[5<methyISulfo„yl)^

amine;

2-methoxyethyI-7-methyM-[5^ethylsulfony^^^

amine;

amine;

7-methyl-H5{methyk^

2
'7^aW-[S<methyl^
Z^yl^methyl^-^mcthylsulfinyl^

T-methyl-l-^methylsuIfinyl^entyll-^pyl-^

2-butyl-7-methyl-l-[5-(methylSulfinyl)pentyI]-lM^
2^oxymethyl-7-methyl.l.[5^metbylSulfinyl)peQty^
amine;

2-™^%l-7-^
amine;
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2^yclopropylme%l-7-methyl-l-[5-^^

amine;

7-methyl- 1-[5-(phenyltMo)pentyl]4//-imidazo^^

2/7KiimethyM-[4^henyltMo^

5 2^thyl-7-methyl-l-[5^henylthio)pert

7<nethyM-[5^henyltMo)pentyl]^

2-butyl-7-methyl-l-[5-(phenylthio)pentyl]-l//-iniidazo[4

2^oxymethyl-7-methyl-l-[5^henylt^

• 2-methoxyethyl-7-me%l-l-[5^h^

10 2-cyclopropylmethyl-7-methyl- l-[5^henylthio)pentyl]-LEWmidazo[4,5-c]pyridin-4-

amine;

7-methyi-l-[5^henyisulfony^

2/7HiimethyM^5-(phenylsulfo^

2-ethyI-7-methyl-l-[5^henylsi^^

15 7-methyM-[5^henylsulfonyl^

2-butyl-7-methyl-l-[5-(phenylsulfon^

2^thoxymethyl-7-methyl-l-[5-fc^^

amine;

2-methoxyethyl-7-methyM-[5^henyls^^

20 amine;

2^yclopropytaethyl-7-me%^

amine;

7-methyM-[5^henylsulfinyl)penty^^

2/7-dimethyl-l-[5-(phenylsu^

25 2^thyl-7-methyl-H5^henylsulfoyl)penty^^

7-methyl-l-[5-(phenylsulfcyl)pen^^

2-butyl-7-methyl-l-[5^henylsulfinyl)pentyl]-lH-im^

2-ethoxymethyl-7-methyl-l-[5^hra^

amine;

30 2-methoxyethyl-7-methyI-l-[5-(ph^^

amine;
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amine;

2>7^<*W-[5-(py^^
2^-7-™thyl-H5^^

amine;

amine;

c]pyridin-4-amine;

^Hlunethyl-l-IS^yrimdin^-ylsulfonylJpenty^

^-^yl-l^yrimidm-a-yls^
7-m^-H5<pyrii^^
amine;

2-butyl-7-me%l-l-[5^ytiImdin-2.ylSulfonyl^
2-ethoxymetbyl-7-methyl-l-[5^yrinudin-2-y^
4-amine;

***«^
4-amine;

c]pyridin-4-amine;

^yl-l-PKpyriniidin^ylsulfinylJp^

2,7^imethy]-l-[5^yrimidm-2-ylSulfinyl)pentyl>

2-ethyl-7-methyl-l-^^

7-methyl-l.[5Kpyrinudin-2-ylSulfinyl)pentyl].2i,^
amine;

2^-7-*ethyl-l^^^
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4-amine;

2-memoxyethyl-7-methyl-l-[5-(pyr^^

4-amine;

5 2-cyclopropylmethyl-7-memyl-l-[5-(py^

c]pyridin-4-amine;

l-[5<butyltmo)pentyl]-7-me^

l-[5-(butyltmo)pentyl]-2/7-dim^

1-[5-(butyltbio)pentyl]-2-ethyl-7-^^^

10 l-[5-(butyltmo)pentyl]-7-methyl^^

2-butyl-l-[5KbutyltMo)pentyl]-7-m^^

l-[5-(butyltmo)pentyl]-2-ethoxyme^

145-(butylmio)pentyl]-2-memoxyem^

l-[5-(butyltmo)pentyl]-2-cyclopropyb^^

15 i-[5Kbutylsulfonyl)pentyl]-7-methyl-l/f-iniidazo[4,5-c]pyri

l-[5-<butyliMlfonyl)p«ntyl]-2J^

l-[5-(butylsulfonyl)pentyl]-2H;^

1-[5-(butylsulfonyl)pentyl]-7-me^

2-butyM-[5-(butylsulfonyl)penty^^^^

20 H5-(butylsulfonyl)penlyl]-2-e^

l-[5-(butylsulfonyl)pentyl]-2-memo^

l-[5-(butylsulfonyl)pentyl]-2^cl^^

amine;

l-[5-(butylfrolfinyl)bpenyl]-7-^^

25 l-[5^utylsulfinyl)pentyl]-2J^etoyl4i^^

l-[5-(butylsulfinyl)pentyl]-2-emyl^^

1-[5-(butylsulimyl)pentyl]-7-metoyl-2^^

2-butyl4-[5Kbutylsulfinyl)pen^^

l-[5-(butylsulfinyl)pentyl]-2-emoxymefo^^^

30 l-[5-(butylsulfinyl)pentyl]-2-m^

amine;

124



WO 03/103584
PCT/US03/17659

l-[5^utylsulfoyl)pmtyl]-2H:^

4-amine;

M5-[(2/Wichlorophenyl)mio]p^

l-{5-[(2,4KUcHorophCTyl)tMo]^^

5 M5-[(2,4^chlorophenyl)tMo]penty^^

amine;

MH(2,4^cMorophmyi)tMo]pen^

amine;

2*ulyl-l-{5-[(2><ttchlorophen^^

10 amine;

MH(2,4^cMorophe©yl)thio]pentyl}-^^^

c]pyridin-4-amine;

MH(2,4^cMorophenyl)thio]pent^

c]pyridin-4-amine;

15 M5-[(2,4^cMorophenyl)too]p^

c]pyridin-4-amme;

l-{5-[(2,4^cMorophenyl)sulf(myl]pemyl}-7-memyl-lff-im

MH(2^cMorophenyl)sulfonyq^

amine;

20 M5-[(2,4^cMorophenyl)sul^

amine;

l-{5-[(2,4^cMorophenyl)sulfonyl]pentyl}-7-memyl-2-propyl-l^.im

2-butyl4-{5-[(2Adichlorophenyl)sulfonyl]pentyI}-7-memyl-lff-im

25 amine;

M5-[(2,4^chlorophenyl)sul^

c]pyridin-4-amine;

H5-[(2/WichlorophenyI)sulfo^^

cJpyridin-4-amine;

30 l-{5-[(2,4^chlorophenyl)s^^

imidazot4,5-c]pyridin-4-amme;

M5-[(2^cMorophmyl)sulfinyl^^
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1 - {54(2,4-dichlorophenyl)sulfinyl]pentyl}-2J-dimethyl-l/T-imidazo[4,5^]p>ridin^

amine;

1- {5-[(2,4^cMorophenyl)sulfo^

amine;

5 1 - {5-[(2,4-dichlorophenyl)sulfinyl]pentyl}«7-methyl-2-propyl-li/-imidazo[4>5-c]pyridin-

4-amine;

2-butyM-{5-[(2,4KttcMorophenyty

amine;

1 - {5-[(2,4-dichloropheny0sulfinyl]pentyl} -2^thoxymethyl-7-methyl-lff-ixnidazo[4,5-

10 c]pyridin-4-amine;

l-{5-[(2,4KJicMorophenyl)sulfo

c]pyridin-4-amine;

1 - {5-[(2,4-dichlorophenyl)sulfinyl]pentyl}-2-cyclopropylmethyl-7-methyHJy-

imidazo[4,5"C]pyridin-4-amine;

15 l-{5-[(2,4-difluorophenyl)t&^

1- {5-[(2,4niifluorophenyl)thio]pent

2-ethyl- 1 - {5-[(2,4-difluorophenyl)thio]pentyl}-7-me%l- 1J^-kriidazo[455^]pyridiQ-4-

amine;

1 -{5-[(2,4-difluorophenyl)thio]pentyl}^-methyl^-propyl-l/f-imidazo^^^lpyridin-^

20 amine;

2-butyl-l - {5-[(2,4-difluorophenyl)thfo^

amine;

2^thoxymethyl-l - {5-[(2,4-difluoro^

c]pyridin-4-amine;

25 l-{54(2,4^uorophenyl)thio]pentyl}-2-methoxyeth>1-7-methyl^

c]pyridin-4-amine;

2^yclopropylmethyl-l-{5-[(2,4-difluorophenyl)thio]pentyl^

c]pyridin-4-amine;

I -{5-[(2,4-difluorophenyl)sulfonyl]pentyl} -7-methyl-ltf-imidazo[4,5-c]pyridin-4-amine;

30 l-{5-[(2,4-di£luorophenyl)sulfonyl]pentyl}-2J-dm

amine;

126



WO 03/103584
PCT/US03/17659

amine;

l-{H(2,4^uon>ph^^

4-amine;

amine;

c]pyridm*4-amine;

c]pyridin-4-amine;
1

imidazo[4,5-c]pyridin-4-amine;

amine;

2-ethyI-l- {5-r(2,4^^^
amine;

4-amine;

amine;

cJpyridin-4-anrine;

HH(2,4^uomPhe^^
c]pyridin-4-amine;

inudazo[4,5-c]pyridin-4-amine;

amine;

tf-{M2<4-amin<>-7-mt^
yl)ethoxy]ethyl}methanesulfonamide;
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7VL{242^4-ammo-7-m^

chlorobenzamide;

W-{242<4-amino-7-m^

cyclohexyhnea;

AT-{2-[2^4-ainino-7^

chlorobenzamide;

W-{242^4-amino-74iex-l-y^^

N-cyclohexylurea;

^{2-[2~(4-amino-7-hexy^

chlorobenzamide;

W-{2-[2-(4-amino-7^

cyclohexylurea;

N-{2-[2r{4/7^aiiuno-^

yl)ethoxy]ethyl}methanesulfonamide;

W-{2-[2^4/7^amino-2^

chlorobenzamide;

AT-{2-[2-(4,7-diamino-2-propyl-l^iim

cyclohexylurea;

N-{2-[2^4-amino-7-methylamino-2-p^^

yl)ethoxy]ethyl}methanesulfonamide;

W-{2-[2^4-amino-7-methylamino^^

4-chlorobenzamide;

W-{2-[2-(4-amino-7-methylam^^

iV-cyclohexylurea;

#-{2-[2K4-amino-7-ethylam^

yl)ethoxy]ethyl}methanesulfoiiatnide;

iV42-[2^4-ammo-7-ethy^

chlorobenzamide;

^-{2-[2^4-amino~7-e%lam^

iV-cyclohexylurea;

^-{242K4-ammo-7^iime%lamko-2-propyl4

yl)ethoxy]ethyl}methanesulfonamide;
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^2-[2^4-ammo-7Hi^

yl)ethoxy]ethyl}-4-chIoroben2amide;

#-{2-[2^4-amk^

yiJeflioxyJethyll-Ar-cycIohexylurea;

5 *-{2-[2^4-am^^

yl)ethoxy]ethyl}metimesulfonamide;

AT-{2-[2-(4-a^^

4-chlorobenzaroide;

^-P^ainmo^emylam^^
10 AP-cyclohexylurea;

e^dimettyl^-ethoxym^

imidazo[4,5-cJpyridin-4-amiiie;

MP^ammo^J^ethyW^^
butylbenzamide;

15 HP<4^imno^7-diinc^.

butyWV^methylbenzamide;

"-tf-P^ambo^yW^
benzoylurea;

20 amine;

yl)emoxy]ethyl}benzanude;

"-{2-[2K4-ainii,^^

benzenesulfonyiurea;

25 l-{2<2^4-ammo-2-ethyl-6jHi^^

yl)ethoxy]ethyl}pynolidin-2-one;

c]pyridin~4-amine;

30 amine;

2^oxyme&yH7-dimelhyl-l-{24(4-phenylbUt-3-yn^
cjpyridm^amine;
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2-ethoxymethyl-6,7-dimethyl-l - {2-[(4-phenyIbutyl)sulfonyl]ethyl} 4/f-imidazo[4,5-

c]pyridin-4-amine;

2^oxymethyl^J-dimethyl-l-[2^4-phenylbut-3-ynyloxy)

c]pyridin-4-amine; and

5 2^thoxymethyl-6,7Khmethyl-l-[2-(4^

amine;

or pharmaceuticaUy acceptable salts thereof.

Pharmaceutical Compositions and Biological Activity

10 Pharmaceutical compositions ofthe invention contain a therapeutically effective

amount ofa compound ofthe invention as described above in combination with a

pharmaceuticaUy acceptable carrier.

The term "a therapeutically effective amount" means an amount ofthe compound

sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity,

15 and/or antiviral activity. Although the exact amount of active compound used in a

pharmaceutical composition ofthe invention will vary according to factors known to those

of skill in the art, such as the physical and chemical nature ofthe compound, the nature of

the carrier, and the intended dosing regimen, it is anticipated that the compositions ofthe

invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to

20 about 50 mg/kg, preferably about 10 ng/kg to about 5 mg/kg, ofthe compound to the

subject Any of the conventional dosage forms may be used, such as tablets, lozenges,

parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal

patches, transmucosal patches and the like.

The compounds of the invention can be administered as the single therapeutic

25 agent in the treatment regimen, or the compounds ofthe invention may be administered in

combination with one another or with other active agents, including additional immune

response modifiers, antivirals, antibiotics, etc.

The compounds ofthe invention have been shown to induce the production of

certain cytokines in experiments performed according to the tests set forth below. These

30 results indicate that the compounds are useful as immune response modifiers that can

modulate the immune response in a number of different ways, rendering them useful in the

treatment of a variety of disorders.
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Cytokines whose production may be inducedby the administration ofcompounds

according to the invention generally include interfenm-a (DFN-a) and/or tumor necrosis

fector-a (TNF-a) as well as certain interieukins (IL), including IL-1, IL-6, IL40 and EL-

12, and a variety ofother cytokines. Among other effects, these and other cytokines can

5 inhibit virus production and tumor cell growth, making the compounds useful in the

treatment ofviral diseases and tumors. Accordingly, the invention provides a method of

inducing cytokine biosynthesis in an animal comprising administering an effective amount

ofa compound or composition ofthe invention to the animal.

Certain compounds ofthe invention have been found to preferentially induce the

10 expression ofDFN-a in a population ofhematopoietic cells such as PBMCs (peripheral

blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) without

concomitant production of significant levels ofinflammatory cytokines.

In addition to the ability to induce the production ofcytokines, the compounds of

the invention affect other aspects of the innate immune response. For example, natural

15 killer cell activity may be stimulated, an effect that may be due to cytokine induction. The

compounds may also activate macrophages, which in turn stimulates secretion ofnitric

oxide and the production ofadditional cytokines.

Compounds ofthe invention also have an effect on the acquired immune response.

For example, the compounds may cause proliferation and differentiation ofB
20 lymphocytes. In addition, the compounds induce responses from T lymphocytes, as

discussed below.

Although there is not believed to be any direct effect on T cells or direct induction

ofT cell cytokines, the production ofthe T helper type 1 (Thl) cytokine IFN-7 is induced

indirectly and the production ofthe T helper type 2 (Th2) cytokines IL-4, IL-5 and IL-13

25 are inhibited upon administration ofdie compounds. This activity means that the

compounds are useful in the treatment ofdiseases where upregulation ofthe Thl response

and/or downrcgulation ofthe Th2 response is desired. In view ofthe ability ofcompounds

ofthe invention to inhibit the Th2 immune response, the compounds are expected to be

usefid in the treatment ofatopic diseases, e.g., atopic dermatitis, asthma, allergy, allergic

30 rhinitis; systemic lupus erythematosis; as a vaccine adjuvant for cell mediated immunity,

and possibly as a treatment for recurrent fungal diseases and chlamydia.
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The immune response modifying effects ofthe compounds make them useful in

the treatment of a wide variety ofconditions. Because of their ability to induce the

production ofcytokines such as IFN-a and/or TNF-a, the compounds are particularly

useful in the treatment of viral diseases and tumors. This immunomodulating activity

5 suggests that compounds ofthe invention are useful in treating diseases such as, but not

limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis

B; Hepatitis C; Herpes Simplex Virus Type I and Type II; molluscum contagiosum;

varriola major, HIV; CMV; VZV; rhinovirus; adenovirus; influenza; and para-influenza;

intraepithelial neoplasias such as cervical intraepithelial neoplasia; human papillomavirus

10 (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, and

cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, hairy cell

leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous

leukemia, multiple myeloma, melanoma, non-Hodgkin's lymphoma, cutaneous T-cell

lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis carnii,

15 cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and

leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium.

Additional diseases or conditions that can be treated using the compounds ofthe invention

include actinic keratosis; eczema; eosinophilia; essential thrombocythaemia; leprosy;

multiple sclerosis; Ommen's syndrome; discoid lupus; Bowen's disease; Bowenoid

20 papulosis; alopecia areata; the inhibition ofKeloid formation after surgery and other types

ofpost-surgical scars. In addition, these compounds could enhance or stimulate the

healing ofwounds, including chronic wounds. The compounds may be useful for treating

the opportunistic infections and tumors that occur after suppression ofcell mediated

immunity in, for example, transplant patients, cancer patients and HIV patients.

25 An amount of a compound effective to induce cytokine biosynthesis is an amount

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells

and

B cells to produce an amount ofone or more cytokines such as, for example, IFN-a, TNF-

a, IL-1, EL-6, IL-10 and IL-12 that is increased over the background level ofsuch

30 cytokines. The precise amount will vary according to factors known in the art but is

expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to

about 5 mg/kg. The invention also provides a method of treating a viral infection in an
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animal and a method oftreating a neoplastic disease in an animal comprising

administering an effective amount ofa compound or composition ofthe invention to the

animaL An amount effective to treat or inhibit a viral infection is an amount that will

cause a reduction in one or more ofthe manifestations ofviral infection, such as viral

lesions, viral load, rate of virus production, and mortality as compared to untreated control

animals. The precise amount will vary according to factors known in the art but is

expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ug/kg to

about 5 mg/kg. An amount ofa compound effective to treat a neoplastic condition is an

amount that will cause a reduction in tumor size or in the number oftumor foci. Again,

the precise amount will vary according to factors known in the art but is expected to be a

dose ofabout 100 ng/kg to about 50 mg/kg, preferably about 10 ug/kg to about 5 mg/kg.

The invention is further described by the following examples, which are provided

for illustration only and are not intended to be limiting in any way.

Example 1

6,7-Wmeuiyi-H2-phOToxyethy^

PartA

2,4^chloro-5,6-dimethyl-3-nitiopyridine

Phosphorous oxychloride (105 ml) and 2,4^ydroxy-5,6HhmemylO-mtropyridine

(10.53 g) were combined and heated to reflux for 2 hours. The reaction mixture was

cooled and the phosphorous oxychloride was removed under reduced pressure. The

resulting black solid was dissolved in ethyl acetate (300 ml) and washed with a saturated

aqueous solution ofsodium bicarbonate. The basic aqueous layer was washed 2 times

with ethyl acetate. The combined organic layers were dried with magnesium sulfate and

concentrated under reduced pressure. The resulting brown solid was run through a column
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using 60/40 ethyl acetate/hexane as the eluant The product was found to be pure byNMR
analysis.

PartB

2^Morcn5,6<Limethyl-3-nitrc>-N^ .

5 2,4-DicUoro-5,6-dimethyl-3-nitropyridine (1 .00 g), anhydrous N,N-

dimethylformamide (5 ml), triethyiamine (0.63 ml), and 2-phenoxyethylamine (0.59 ml)

were combined and the resulting mixture was heated to 55 °C for 24 hours. Thin layer

chromatography (TLC) monitoring ofthe reaction indicated that it was complete. The

solvent was removed under reduced pressure and the remaining oil was dissolved in

10 dichloromethane (DCM) and washed once with water. Following 2 additional extractions

withDCM, the organic layers were combined, dried with magnesium sulfate, and the

solvent was removed under reduced pressure. The product was passed through a column

using 20/80 ethyl acetate/hexane as the eluant. NMR analysis ofthe resulting yellow solid

indicated sufficient purity for use in the next step.

15 Parte

2,3-dimethyl-5-nitro-6-phenoxy-N^2-pheno^

2-Methoxyethyl ether (diglyme) (3 ml) and sodium hydride (60% in oil) (0.56 g)

.
were combined and cooled to 0 °C. Phenol (1.24 g) was added slowly in portions to allow

for controlled release ofhydrogen gas. A solution of2-chloro-5,6-dimethyl-3-nitro-N-(2-

20 phenoxyethyl)pyridin-4-amine (4.00 g) and diglyme (37 ml) was then added and the

reaction mixture was heated to 150 °C for 16 hours. At this time, the reaction stalled at

85% completion. The reaction mixture was allowed to cool and the solvent was removed

under reduced pressure. The oil was dissolved in ethyl acetate, washed with water, dried

with magnesium sulfate, and concentrated under reduced pressure. The product was run

25 through a column using 20/80 ethyl acetate/hexane as the eluant HPLC analysis ofthe

resulting orange solid indicated sufficient purity for use in the next step.

PartD

5,6-dimethyl-2-phenoxy->^

Anhydrous toluene (100 ml), 5% platinum on carbon (Pt/C) (1.5 g), and 2,3-

30 dimethyl-5-mtrcH6-phenoxy-N^ (2.97 g) from Part C

were placed in a Parr hydrogenation flask at a hydrogen pressure of345 kPa for 4 hours

with shaking. Additional 5% Pt/C (1 .5 g) was added and the reaction was allowed to
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10

continue for 3 hours. The reaction mixture was filtered through a fluted filter paper and

then through a folded No. 2 Whatman filter. The solvent was removed from the filtrate

under reduced pressure and the resulting oil was used in the next step.

PartE

6,7^etovM-phenoxy^2-phenoxy^^^

5,6^Dmetoyl-2-phenox^
(2 41 g)>

Diethyl orthoacetate (1.60 ml), toluene (20 ml), and a catalytic amount ofpyridine HC1
were combined and heated to reflux for 2 hours. HPLC andMS analysis indicated that the

reaction was complete. The reaction mixture was allowed to cool and the resulting solid

was filtered and dried. NMR analysis ofthe dried solid indicated a pure product

PartF

6,7^emyl-l-(2-phenoxyemyI)4^-inudazo[4,5^]pyridm^

A sealed tube containing ammonium acetate (12.7 g) and 6,7-dimethyl-4-phenoxy-

H2-phenoxyemyl^l//-irmdazo[4,5^]pyridine (1.27 g) from Part E was heated to 150 °C

15 for 36 hours. HPLC and TLC analysis indicated that the reaction was complete. The
reaction was allowed to cool to room temperature. The resulting reaction mixture was
then dissolved in dichloromethane (DCM) and washed with 20% aqueous sodium

hydroxide. The basic layer was washed withDCM and the combined organic layers were
dried with magnesium sulfate and concentrated under reduced pressure. The resulting oil

20 was passed through a silica gel column using 95/5 dichloromethaneAnethanol as the

eluant The product was recrystallized from isopropyl alcohol, and the resulting white

solid was dried under vacuum to provide 6,7Mhmemyl-H2-phenoxyethyl)-l.fl'-

imidazo[4,5^]pyridm^amine, m.p. 197.0 - 199.0 °C.

Analysis: Calculated for C l6H,8N40: %C, 68.06; %H, 6.43; %N, 19.84

25 Found: %C, 67.85; %H, 6.33; %N, 19.74.
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Example 2

2,6,7-Trimethyl:-1-(2-phenoxyethyi)-1/7-imidazo[4,5^]pyridin-4~amine

b
5 PartA

2<Moro-5,6-dimethyl-^

Toluene (150 ml), 5% platinum on caibon (5.0 g), and 2-chloro-5,6-dimethyl-3-

nitm-N-(2-phenoxyethyl)pyridin«4-amine (3.32 g) from Part B ofExample 1 were placed

in a Parr hydrogenation flask at a hydrogen pressure of345 kPa for 4 hours with shaking.

10 HPLC analysis indicated that the reaction was complete. The reaction mixture was

filtered through a fluted filter papa- and then through a folded No. 2 Whatman filter. The

solvent was removed from the filtrate under reduced pressure and the resulting brown oil

was used in the next step.

PartB

15 4^hloro-2,6,7-trimethyM-(2-phe^

2<Moro-5,6-dmethyl-l^
g), triethyi

orthoacetate (1.60 ml), toluene (20 ml), and a catalytic amount ofpyridine HC1 were

combined and heated to reflux for 2 hours. Methanol (15 ml) was then added and the

reaction mixture was allowed to cool. The resulting white needles were filtered and dried.

20 NMR analysis ofthe dried solid indicated a pure product.

PartC

2,6,7-trimethyM-phenoxy-1^2^

A solution ofsodium phenoxide was prepared by adding phenol (0.60 g) in

portions over a period of 1 hour to a chilled solution of2-methoxyethyl ether (diglyme)

25 (40 ml) and sodium hydride (60% in oil) (0.27 g). After 1 hour, 4-chloro-2,6,7-trimethyl-

H2-phenoxyethyl)-li/-imidazo[4,5-c]pyridine (1.91 g) from Part B was added to the

sodium phenoxide solution and the resulting dark brown mixture was heated to reflux for
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7 days. At this time, the reaction was 80% complete. Remaining sodium hydride was
quenched by the addition ofmethanol (5 ml), and the solvents were then removed under

reduced pressure. The oil was dissolved in ethyl acetate, washed with water and brine,

dried with magnesium sulfite, and concentrated under reduced pressure. The resulting

brown solid was run through a silica gel column using 80/20 ethyl acetate/hexane as the

eluant NMR analysis ofthe dried solid indicated sufficient purity for carrying the product
on to the next step.

PartD

2,6,7-trime%l-l-(2-phenoxye%^

A sealed tube containing anhydrous ammonium acetate (1 1.4 g) and 2,6,7-

trimemyl-4-phCToxy-l-(2-ph^^ (U4 ^ c
was heated to 150 °C for 40 hours. The reaction was allowed to cool to room temperature.

The resulting reaction mixture was then dissolved in ethyl acetate and washed with a
saturated aqueous solution of sodium bicarbonate. The basic layer was washed twice with
ethyl acetate. The organic layers were combined, dried with magnesium sulfite, and the

solvents were removed under reduced pressure. The resulting orange solid was passed

through a silica gel column using 94/6 dichloromethaneAnethanol as the eluant Because
NMR analysis indicated that the white solid contained ammonium acetate, the product was
dissolved in chloroform and washed with 25% aqueous sodium hydroxide. The resulting

basic aqueous layer was extracted twice with chloroform. The organic layers were
combined, washed with water, dried with magnesium sulfite, and concentrated under

reduced pressure. The resulting white solid was dried under vacuum at 60 °C for 24 hours

to provide 2,6,7-trimefcyl-l-(2i>henoxye^^

176.0- 177.0 °C.

Analysis: Calculated for C^H^O: %C, 68.90; %H, 6.80; %N, 18.90

Found: %C, 68.71; %H, 6.95; %N, 18.89.
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Example 3

2-Butyl-6,7-dimethyl- l-(2-phenoxyethyl)-l/^imidazo[4,5^]pyridin-4-amine

5 PartA

N-{2KMoro-5,6-dimethyl^[(2-phenoxyethyl)a

Triethylamine (1.39 ml), anhydrous acetonitrile (100 ml), and 2-chlon>-5,6-

dime%l-l^-(2-phenoxyethyl)pyridme-3,4^amin^ (2.92 g) from Part A ofExample 2

were combined and cooled to 0 °C in an ice bath. Valeryl chloride (0.59 ml) was slowly

10 added to the reaction mixture. After 2 hours, the reaction mixture was heated to 55 °C for

24 hours, at which point HPLC analysis indicated the reaction was complete. The reaction

mixture was cooled and the solvent was removed under reduced pressure. The resulting

oil was dissolved in dichloromethane and washed with water. The organic layer was dried

with magnesium sulfate and the solvent was removed under reduced pressure. The

1 5 product was then passed through a silica gel column using 50/50 ethyl acetate/hexane as

the eluant The resulting light brown solid was used in the next step.

PartB

2-butyM-cMoro-6,7Klmethyl^

Triethylamine (1.93 ml), anhydrous ethanol (35 ml), and N-{2-chloro-5,6-

20 dimethyM-[(2-phenoxyethyl)amino]pyri^ (1 .32 g) from Part A were

combined and heated to reflux for 24 hours. The reaction stalled, so the mixture was

cooled and the solvent was removed under reduced pressure. Pyridine (75 ml) and an

equivalent ofpyridine HC1 was added and the reaction mixture was heated to reflux for 16

hours. TLC analysis indicated that die reaction was complete. The reaction was allowed

25 to cool and the solvent was removed under reduced pressure. The resulting product was

dissolved in ethyl acetate and washed 4 times with water (150 ml each) to remove the
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10

pyridine HC1. The organic layer was dried with magnesium sulfate and the solvent was
removed under reduced pressure. NMR analysis ofthe dried brown solid indicated

sufficient purity for use ofthe product in the next step.

PartC

24>utyl-6J^ethy!^phenoxy-l^^

2-Methoxyethyl ether (diglyme) (1.50 ml) and sodium hydride (60% in oil) (0.12

g) were combined and cooled to 0 °C. Phenol (0.27 g) was added slowly in portions over

1 hour to allow for controlled release ofhydrogen gas. 2-Butyl^moro-6J-dimethyl-l-

(2-phenoxyemyI)-ljy-inndazo[4,5^]pyridJne (0.96 g) from PartB was then added and the

reaction mixture became dark brown. The reaction mixture was heated to reflux for 5

days, at which timeHPLC analysis indicated the reaction was complete. The reaction

mixture was cooled and washed with water. The mixture was filtered and the resulting

solid was dried under vacuum at 60 °C overnight NMR analysis ofthe product indicated

sufficient purity for use ofthe product in the next step.

15 PartD

2-butyW>7^e&yl-l-(2-ph^

A sealed tube containing ammonium acetate (7.5 g) and 2-butyl-6,7-dimethyl-4-

phenoxy4<2-phenoxyemyl>lH-iimdazo[4,5^]pyridme
(0.75 g) from Part C was heated

in an oil bath to 150 °C for 48 hours. The reaction reached 70% completion and was
allowed to cool to room temperature. The reaction mixture was then dissolved in ethyl

acetate and washed with a saturated aqueous solution ofsodium bicarbonate. The organic

layer was dried with magnesium sulfate and concentrated under reduced pressure. The
product was passed through a silica gel column using 10/90 methanol/ethyl acetate as the

eluant To remove impurities, the product was recrystallized twice from acetonitrile with
charcoal. The resulting white crystals were crushed and dried to yield 2-butyl-6,7-

dimetoyMK2-Phenoxyethyl>l^^ mp 130.0 - 132.0 °C.

Analysis: Calculated for Q0H26N4O: %C, 70.98; %H, 7.74; %N, 16.55

Found: %C, 7O.8O; %H, 7.43; %N, 16.56

20

25
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Example 4

l-[2^enzyloxy)ethyl]-^

amine

5

PartA

tert-butyl 2-(benzyloxy)ethylcarbamate

To a mechanically stirred mixture of tert-butyl 2-(hydroxy)ethylcarbamate (32.2 g,

200.4 mmol) and sodium hydroxide (300mL of50%) was added

10 benzyltrimethylammonium chloride (3.79 g, 20.4 mmol) and benzyi bromide (23.8 mL,

200.4 mmol). After stirring at room temperature for 12 hours TLC monitoring, using 1/1

hexane/ethyi acetate and ninhydrin stain, indicated complete reaction. The resulting clear

solution was diluted with ice water (1 L), and the organic layer was separated. The

aqueous layer was washed with chloroform (4 x). The organic layers were combined and

1 5 washed with water (2 x) and brine (2 x), dried with sodium sulfate, and concentrated under

reduced pressure to provide 45.4 g of clear liquid. NMR analysis confirmed the product,

which was used in the next step.

PartB

2-(benzyloxy)ethylamine HC1

20 The product from Part A (45.4 g, 1 80.6 mmol), 2.2 M hydrochloric acid in ethanol

(200 mL), and 10% aqueous hydrochloric acid (20 mL) were combined and stirred for 62

hours. The reaction was determined to be complete by TLC and HPLC analysis. The

volatiles were removed under reduced pressure, and the resulting solids were reciytallized

from ethyl acetate. The resulting white fluffy crystals were filtered off, rinsed with diethyl

25 ether, and dried for 1 hour to provide 27.4 g ofwhite solids. NMR analysis confirmed the

hydrochloride salt of 2-(benzyloxy)ethylamine, which was used in the next step.
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Parte

N-[2^enzyloxy)ethyl]-2^

2,4-DicWoro^J-dimethyl-3-rutK)pyridine (26.89 g, 121.7 mmol), anhydrous N,N-

dimethylfoimamide (400 mL), anhydrous triethylamine (48.84 mL), and the

5 benzyloxyethylamine hydrochloride salt (27.4 g, 146.0 mmol) from Part B were combined

under nitrogen and heated to 90 °C for 20 minutes, 60 °C for 1 hour, and then 90 °C for 1

hour. The reaction was complete as determined by TLC analysis using 8/2 hexane/ethyl

acetate. The reaction mixture was concentrated under reduced pressure, and the resulting

orange solids were triturated with water. The resulting solids were filtered offand

10 recrystallized from ethyl acetate. Recrystallized solids were rinsed with hexane and dried

under vacuum at 50 °C for 30 minutes to provide 2L8 g ofyellow fluffy solid for use in

the next step. NMR analysis confirmed the N-[2-(benzyloxy)ethyl]-2-chloix)-5,6-

dimethyl-3-nitropyridin-4-amine and a minor amount ofresidual salts.

PartD

15 N-[2-(Benzyloxy)ethyl]-5,6H^

To a stirred solution ofsodium hydride (4.75 g, 118.8 mmol, 60% in mineral oil) in

diglyme (50 mL) under a nitrogen purge was added phenol (11.56 g, 122.8 mmol)

dissolved in diglyme (50 mL) by cannula over a 10 minute period. The flask from which

the phenol solution was transferred was washed with diglyme (2 x 20 mL), and the

20 washings were added to the reaction mixture. Because the reaction was exothermic, an ice

bath was used to cool the reaction mixture. After 15 minutes, addition ofa solution ofN-

[2-{ben2^oxy)ethyl]-2^ (26,6 g, 79.2 mmol) in

diglyme (100 mL) to the clear solution ofsodium phenoxide was begun. The flask from

which the pyridine-4-amine starting material was transferred was rinsed with diglyme (3 x

25 20 mL), and the rinsings were transferred to the sodium phenoxide solution as welL The

transfer was complete after 15 minutes, and the resulting orange solution was heated to

about 150 °C for 4.5 hours when the reaction was determined to be essentially complete by

HPLC. The resulting reaction solution was concentrated under reduced pressure, and the

resulting dark oil was dissolved in ethyl acetate. The ethyl acetate solution was wased

30 with ammonium chloride (1 x), 1 N potassium hydroxide (3 x), and brine (2 x). The

potassium hydroxide fractions were combined and extracted with dichloromethane (4 x).

The organic fractions were combined, dried with magnesium sulfate, and concentrated
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under reduced pressure. The resulting dark oil was passed through a column containing

400 g silica using 8/2 hexane/ethyl acetate. Hie resulting isolated product was an orange

oil, which was triturated with hexane/diethyl ether. The resulting yellow solids were

dried in a vacuum oven at 60 °C to provide 21 g ofproduct. NMR and LC/MS analyses

5 confirmed the N42-(benzyloxy)ethyl]-2,3Hiimethy

with good purity.

PartE

NM?KBenzyloxy)ethyl]-5,6-dimethy^

N42-(Benzyloxy)ethyl]-5,6-dimeth^ (12 g,

10 30.499 mmol) from Part D was combined with 5% platinum on carbon (2.2 g) in a Parr

flask under a nitrogen purge. Toluene was slowly added to the resulting reaction mixture,

which was then pressurized with hydrogen at 3 10 kPa. After 2 hours the reaction was

complete. The resulting reaction mixture was filtered through Celite™ filter agent, and

the filtrate was concentrated under reduced pressure to provide 10.6 g ofbrown oD. NMR

1 5 analysis confirmed theN4
-[2^enzyloxy)ethyl]-5,6-dimethyl-2-phenoxypyridine-3,4-

diamine at a purity of99+%.

PartF

2-(Ethoxymethyi)~l-[2^enzyloxy

cjpyridine

20 ^-[2KBenzyloxy)e%l]-5,6-dm^ (5.3 g, 14.582

mmol) from Part E, pyridine (50 mL), and pyridine hydrochloride (0.034 g, 0.2916 mmol)

were combined with stirring under nitrogen and cooled with an ice bath to about 7 °C.

Ethoxyacetyl chloride (1.876 g, 15.31 1 mmol) was added dropwise over 1 minute, and the

resulting reaction mixture was stirred for 30 minutes. The ice bath was removed. LC/MS

25 analysis ofthe resulting reaction solution confirmed the molecular weight ofthe expected

amide, and TLC (with 1/1 hexane/ethyl acetate) and HPLC analysis indicated no starting

material or other by-products present

The resulting reaction solution was heated to reflux (~ 90 °C) for about 10 hours.

HPLC analysis ofthe resulting reaction solution indicated about 4% ofthe amide

30 remaining along with the desired product The reaction solution was cooled to room

temperature and concentrated under reduced pressure. The resulting oil was triturated

with hexane/diethyl ether, and the resulting solid was filtered offand dried to provide 4.33
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g ofpure product A second crop fiom the hexane/diethyi ether was recovered to provide
an additional 03157 g ofdesiredproduct

PartG

^-(Benzyioxy^y^

5 amine

2-(Ethoxyme&yiH-[2-(b^

imidazo^pyridme (433 g, 10.03 mmOl) was placed in a glass reaction flask, and then
ammonium acetate (45 g) was added. The flask was sealed with a teflon screw cap and
heated to 156 °C for 44 hours. The reaction was determined to be complete by HPLC

10 analysis, and the desired product's molecular weight was confirmed by LC/MS The
resulting solution was basified with 1 N potassium hydroxide to a pH ofabout 14 The
bas1C solution was extracted with dichloromethane (5 x), and the organic layers were
combined, washed with water (3 x) and brine (3 x), dried with magnesium sulfate, filtered,
and concentrated under reduced pressure. The resulting oil was trirumted with diethyl

15 ether. After the resulting solids were filtered off and dried, they were recrystallized from
ethyl acetateydiethyl ether and again dried. NMRandysisormerecr^^
mchcated impurities. The recrystallized solids were dissolved in ethanol. Hydrochloric
acid (10 mL, IN) was added to the ethanol solution, and the resulting salt was filtered off
and dissolved in water. The resulting aqueous solution was basified with 1 N potassium

20 MroxidetoapHofaboutMandextractrf^^
Tne organic

layers were combined, washed with water (2 x) and brine (3 x), dried with magnesium
sulfite.ffltere^andconc^tratedunder^

The white solid
was dried to provide "285 gofl-p^lo^
l^-mndazo[4,5-c]pyridin^amine, m.p. 1073-1082 °C.

25 Analysis: Calculated forQoH^C* %C, 67.77; VM, 739; %N, 15.81; Found- %C
67.88; %H, 7.44; %N, 15.79.

'
'

'HNMR (300 MHz, DMSO-d.) 8 7.22-731 (m, 3H), 7.14 (dd, J = 9.4, 1.9 Hz, 2H) 5 81
(s, 2H), 4.67 (s, 2H), 4.57 (t, J = 5.6 Hz, 2H), 4.42 (s, 2H), 3.76 (t, J = 5.6Hz,2H) 3 47
(q,

J - 7.2 Hz, 2H), 2.34 (s, 3H), 2.30 (s, 3H), 1.12 (t J = 7.2 Hz, 3H)
30
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Examples

l-[2^enzy!oxy}ethyl]-2,6^^

L
PartA

H2^enzyloxy)ethyl]-2,6,7-trim^

N4
-[2-(Benzyloxy)eth>d]-5,6-dime&yl-2-phenoxypy^ & 14.582

mmol) from Part E ofExample 4, anhydrous toluene (50 mL), pyridine hydrochloride

(0.034 g, 0.2916 mmol), and triethyl orthoacetate (4.00 mL, 21.873 mmol) were combined

with stirring under nitrogen- After the resulting solution was heated to 90 °C (gentle

reflux) for 1 hour, the reaction was complete. The reaction solution was concentrated

under reduced pressure, and the resulting oil was dissolved in ethyl acetate. The ethyl

acetate solution was washed with water (3 x) and brine (2 x), dried with magnesium

sulfate, filtered, and concentrated under reduced pressure. The resulting solid was

triturated with diethyl ether, filtered off, and dried to provide 5.1 13 g ofpure white

product, which was used in the next step.

PartB

l-[2-<benzyloxy)e%l]-2,6,7-t^

l-[2^enzyloxy)eftyl]-2,6,7-trm

(5.1 13 g, 13.195 mmol) from Part A and ammonium acetate (51 g) were combined in a

dried glass pressure flask under nitrogea The flask was sealed and heated to 1 50 °C for

46 hours. The reaction was complete, and the resulting solution was cooled and basified

to a pH ofabout 12 with 1 N potassium hydroxide. The basic solution was extracted with

dichloromethane (3 x), and the organic layers were combined, washed with water (3 x)

and brine (3 x), dried with magnesium sulfate, filtered, and concentrated under reduced

pressure. The resulting oil was triturated with diethyl ether, and the resulting solids were
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filtered oft NMR analysis ofthe solids indicated residual phenoL The solids were
dissolved in ethyl acetate. The ethyl acetate solution was washed with 1 N potassium

hydroxide (4 x), water (3 x) and brine (3 x), dried with magnesium sulfate, filtered, and
concentrated under reduced pressure. The resulting oil was diluted with diethyl ether, and

5 after several hours the resulting crystals were filtered off and rinsed with diethyl ether.

The resulting solids, which byNMR analysis were free ofthe phenol, were dried at 60 «C
for 17 hours under high vacuum to provide 2.2515 g of l-[2-(benzyloxy)ethyl]-2,6,7-

trimemyl4^-mn^o[4,5-c]pvridm^amine, m.p. 136.8-137.5 °C.

Analysis: Calculated forCgH^O: %C, 69.65; %H, 7.14; %N, 18.05; Found: %C,
10 69.71; %H, 7.06; %N, 18.03.

'HNMR (300 MHz, DMSO-ds) 8 7.24-7.31 (m, 3H), 7.15 (dd, J = 9.4, 1.9 Hz, 2H), 5.61

(s, 2H), 4.45 (t, J= 5.3 Hz, 2H), 4.42 (s, 2H), 3.73 (t, J = 5.3 Hz, 2H), 2.47 (s, 3H), 2.32 (s

3H),2.29(s,3H)

15

20

25

Example 6

l-[2^enzyloxy)efoyn^

PartA

H2-(ber^loxy)e%l]-6,7-fe^

Pyridine hydrochloride (0.04 g, 0.380 mmol), and trimethyl orthobutyrate (4.6 mL>
28.48 mmol) were added to a stirred solution of^-[2-(benzyloxy)emyl]-5,6^imethyl-2-

phenoxypyridme-3,4Khaniine (6.9 g, 18.984 mmol) prepared as in Part E ofExample 4 in

toluene (65 mL). After the resulting solution was heated to reflux for 2 hours, the reaction

was complete as determined byTLC (using 1/1 hexane/ethyl acetate), HPLC, andLGMS.
The reaction solution was then concentrated under reduced pressure, and the resulting oil
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was dissolved in ethyl acetate. The ethyl acetate solution was washed with brine (3 x),

dried with magnesium sulfate, filtered, and concentrated under reduced pressure. The

resulting tan solids were triturated with diethyl ether, filtered off, and dried to provide

6.5862 g ofpure product (byNMR and LC/MS), which was used in the next step.

5 PartB

l-[2^benzyioxy)ethyl]^,7Kim

l-[2-(Benzyloxy)ethyl]-6,7Kiime

c]pyridine (6.6 g, 15.8 mmol) and ammonium acetate (66 g) were combined in a dried

glass pressure flask under nitrogen with stirring. The flask was sealed with a teflon screw

10 cap and heated to 156 °C for 44 hours. The reaction was complete as determined by

HPLC and LC/MS, and the resulting solution was cooled and basified to apH of about 14

with 1 N potassium hydroxide. The basic solution was extracted with dichloromethane (5

x), and the organic layers were combined, washed with 1 N potassium hydroxide (3 x),

water (1 x) and brine (3 x), dried with magnesium sulfate, filtered, and concentrated under

15 reduced pressure. The resulting residue was triturated with ethyl acetate/diethyl ether, and

the resulting solids were filtered offand dried. NMR analysis of the solids indicated

impurities. The solids were recrystallized from isopropyl alcohol and dried. Impurities

were found in the resulting solids (3.2982 g), which were then recrystallized from ethyl

acetate/hexane and again dried. The resulting solids (2.4076 g), still with impurities, were

20 dissolved in ethanol, and the resulting solution was treated with 1 M hydrochloric acid in

diethyl ether (10 mL). The resulting hydrochloride salt was filtered off; dissolved in

water, and the aqueous solution was basified with IN potassium hydroxide to a pH of

about 14. The resulting aqueous mixture was extracted with dichloromethane (5 x), and

the combined organic layers were washed with water (3 x) and brine (3 x), dried with

25 magnesium sulfate, filtered, and concentrated under reduced pressure. The resulting white

solid was dried to provide 1 .5999 g of l-[2^enzyloxy)ethyl]-6,7-dimethyl-2-propyl-l//-

imidazo[4,5-c]pyridin-4-amine, m.p. 99.5-100.0 °C.

Analysis: Calculated for C20H26N4O: %C, 70.98; %H, 7.74; %N, 16.55; Found: %C,

70.79; %H, 7.71; %N, 16.80.

30
lHNMR (300 MHz, DMSO^j) 8 7.24-7.31 (m, 3H), 7.14 (dd, J = 9.4, 2.3 Hz, 2H), 5.60

(s, 2H), 4.46 (U = 5.6 Hz, 2H), 4.41 (s, 2H), 3.71 (t, J = 5.3 Hz, 2H), 2.78 (t, J = 7.5 Hz,

2H), 2.32 (s, 3H), 2.29 (s, 3H), 1 .76 (sextet, J = 7.5 Hz, 2H), 0.95 (t, J = 7.2 Hz, 3H)
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Example 7

amine

PartA

3-Bromo- 1 -phenylpropyne

3-Phenyl-2-pn>pyn-l-ol (5 g, 37.83 mmol), anyhdrous diethyl ether (lOmL) and
10 anhydrous pyridine (0.76 mL) were combined with stirring under nitrogen. To the

'

resulbng reaction mixture cooled to about 7 »C with an ice bam was added dropwise over
20 mmutes a solution ofphosphorous tribromide (1.8 mL (18.92 mmol) in anhydrous
diethyl ether (20 mL). The ice bath was then removed, and the solution was stirred at
room temperature for 2 hours. The reaction was complete, and the resulting reaction
mixture was diluted withice water. The organic layer was separated, and the aqueous
layer was washed with diethyl ether (3 x). The combined organic layers were washed with
water (2 x), saturated aqueous sodium bicarbonate (2 x), and brine (2 x), dried with
magnesium sulfate, diluted with 8/2 hexane/ethyi acetate (100 mL), filtered through silica,
and concentrated under reduced pressure. The resulting oil was filtered through silica with
adichloromethanerinse. The nitrate was concentrated under reduced pressure to provide
a shghtly cloudy oil (7.22 g). 3-Bromo-l-phenylpropyne was confirmed byNMR
analysis.

PartB

l-[(2^oro-5
>6dimemyl-3-nitropyridm^yl)™

25 2,4-DicUoro-5,6^emyl-3-mtroPyriQme (60 g, 271.4 mmol), anhydrous N.N-
dunethylfonnamide (900 mL), ethanolamine (19.6 mL, 325.8 mmol), and anhydrous
taethylamine (45.4 mL, 325.8 mmol) were combined with stirring under nitrogen. The
reacton mixture was held at 40 °C for 17 hours when TLC and HPLC monitoring
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indicated complete reaction with no starting material present. The resulting reaction

mixture was concentrated under reduced pressure, the resulting yellowish orange solids

were triturated with water (3 x 1 L), filtered off; and dried by dissolving the solids in

methanol/diethyl ether, followed by removal ofthe solvents under reduced pressure. The

5 resulting solids were slurried in diethyl ether, followed by removal ofthe diethyl ether

under reduced pressure. After repeating the slurrying and solvent removal several times,

the resulting solid was dried at 85 °C for 16 hours under high vacuum to provide 55.2 g of

yellow solid, which was carried on to the next step. NMR analysis confirmed l-[(2-

chloro-5,6-dimethyl-3-mtropyridm-4-yl)amino]ethan-2-ol.

10 Part C

l-[(23-Dimemyl-5-nitro^phenoxvpyrichn^yl)amino]ethan-2-ol

A solution ofphenol (94 g, 998.9 mmol) in diglyme (200 mL) was added slowly

over 45 minutes to a solution ofsodium hydride (38.06 g, 95 1.5 mmol, 60% in mineral

oil) in diglyme (100 mL) cooled to 4 °C with an ice bath. Hydrogen gas evolved, and the

15 temperature increased to a maximum of34 °C, but was immediately reduced by slowing

the rate ofphenol addition. After addition was complete, the reaction mixture was stirred

for 1 hour. About 200 mL ofthe resulting clear solution was removed and set aside. The

ice bath was removed, and l-[(2<Moro-5,6^dimetoyM-mtropyrid^

(55.2 g, 224.69 mmol) dissolved in diglyme (400 mL) was added to the clear reaction

20 solution under nitrogen. The flask from which the starting material was transferred was

rinsed with diglyme (2 x 100 mL), and the rinsings were added to the resulting reaction

mixture. This reaction mixture was heated to 110 °C for 4 hours under a flow of nitrogen,

and men the resulting reaction mixture was concentrated under reduced pressure. The

resulting oil was cooled to about 5 °C for 2 days, triturated with hexane, and passed

25 through a silica gel column using 8/2 hexane/ethyl acetate, then 7/3 hexane/ethyl acetate,

and ending with 6/4 hexane ethyl acetate over 3 days. A first 10.5 g fraction ofimpure

product and a second 3.9 g fraction ofpure product were isolated. The first fraction

(9.6510 g) was dissolved in ethyl acetate/hexane and the product allowed to crystallize.

The crystals were filtered offand dried to provide 9.6510 g ofproduct, which was

30 combined with the previous 3.9 g ofpure product and carried on to the next step.
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PartD

H(2,3-Dimethyl-5-inti^6-phenoxypyri^ Acetate

l-[(2^-Dimethyl-5-mtro^p (13.55 g, 44.67

mmol), anhydrous dichloromethane (150 mL), pyridine (21.7 mL), and

5 dimethylaminopyridine (0.1 1 g) were combined, and then acetic anhydried was added

under nitrogen. The resulting solution was stirred at room temperature for 30 minutes.

The reaction was complete, and the reaction solution was concentrated under reduced

pressure. The resulting oil was dissolved in dichloromethane, and the dichloromethane

solution was washed with 4% sodium bicarbonate (3 x), water (3 x), and brine (3 x), dried

1 0 with magnesium sulfate, filtered, and concentrated under reduced pressure. The resulting

yellow solid was triturated with diethyl ether, and the solids were filtered offand dried to

provide 1 1 .5 g ofproduct The l-[(2,3-Dimethyl-5-nitro^-phenoxypyridin-4-

yi)amino]eth-2-yl acetate structure was confirmed byNMR and its molecular weight was

confirmed by LC/MS.

15 PartE

l-[(3-Amino-5,6-dimethyl-2^ Acetate

H(2,34)imethyl-5-nitro^ acetate (11.5 g,

33.30 mmol) was combined with 5% platinum on carbon (5.0 g) in a Parr flask. Toluene

was added to the flask (120 mL) and the resulting mixture was pressurized with hydrogen

20 at 310 kPa at room temperature for 1.6 hours. The reaction was complete as determined

by LC/MS and HPLC. The resulting reaction mixture was filtered through Celite™ filter

agent, and the filter cake was rinsed with more toluene. The volatiles were removed under

reduced pressure, and the resulting oil was carried on to the next step.

PartF

25 l-[2,6,7-Trmethyl^phenoxy-li/^^ Acetate

l-[(3-Amino-5,6^iimethyl-2-ph^ acetate (10.5 g,

33.29 mmol), toluene (100 mL), pyridine hydrochloride (0.077 g, 0.6659 mmol), and

triethyl orthoacetate (9.1 mL, 49.94 mmol) were combined with stirring and the resulting

mixture was heated to a gentle reflux (about 95 °Q for 1 .5 hours. The reaction was

30 complete. The resulting reaction mixture was concentrated under reduced pressure to

white solids, which were dissolved in ethyl acetate. The ethyl acetate solution was washed

with water (3 x) and brine (2 x), dried with magnesium sulfate, filtered, and concentrated
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under reduced pressure. The resulting solid was triturated with diethyl ether, filtered off,

and dried at 60 °C overnight to provide 1 1.1 g ofpure product, which was carried on to the

next step.

PaitG

5 1-[2,6,7-Trimethyl-4-phenoxy-l#-imid^

l-[2,6J-TrimethyM-phenoxy-li^

(11.1 g, 33.0 mmol), methanol (250 mL), and potassium carbonate (1.14 g, 8.25 mmol)

were combined with stirring and heated to 45 °C under nitrogen. The reaction was

complete after 30 minutes, and the reaction mixture was concentrated under reduced

10 pressure to a solid, which was dissolved in dichloromethane. The resulting solution was

subjected to flash chromatography using 9/1 dichloromethane/methanol. A white solid

was isolated and dried to provide 9.1 g ofproduct

PaitH

l-[2,6,7-Trimethyl^phenoxy-ltf- 1 -yl]eth-2-yl (3-Phenylprop-2-

15 ynyl) Ether

Sodium hydride (0.82 g, 20.48 mmol, 60% in mineral oil) and anhydrous N,N-

dimethylformamide (20 mL) were combined and stirred for 5 minutes under nitrogen. A
solution of 1-[2,6,7-trimethyl^phenoxy4H^iirudazo[4,5^]pyridin- 1-yl]ethan-2-ol (5.8 g,

19.50 mmol) from Part G in N,N-dimethylfonnamide (30 mL) was then added to the

20 sodium hydride over 5 minutes. After stirring the resulting reaction solution for 10

minutes at room temperature, a solution of 3-bromo-l-phenylpropyne (4.18 g, 21.45

mmol) from PartA in N,N-dimethylfoimamide (1 5 mL) was added to the reaction

solution, and the resulting reaction mixture was stirred for 4 hours and 10 minutes.

Sodium hydride (0.10 g, 60 % in mineral oil) and then 3-bromo-l-phenylpropyne (1 g)

25 were added to the reaction mixture, and after stirring for 30 minutes, HPLC monitoring of

the reaction mixture indicated about 7% starting material remaining. The reaction mixture

was concentrated under reduced pressure, and the resulting oil was dissolved in

dichloromethane. The dichloromethane solution was washed with saturated ammonium

chloride (3 x), water (3 x), and brine (3 x), dried with magnesium sulfate, filtered, and

30 concentrated under reduced pressure to a brown solid, which was triturated with diethyl

ether. The resulting solid was filtered of£ and a second crop was collected from the

mother liquor. The combined solids were passed through a column of silica (120 g, 40 x
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10

15

200 mm) using 95/5 ethyl acetata/dichloromethane. A white solid (5.4 g) was isolated and
carried on to the next step. HPLC analysis indicated the presence ofabout 9% stating
material in the white solid.

Parti

2A7-Trimethyl-H2-[(3-pheny^

amine

H2A7-Trimemyl-4-phenoxy-l*M

phenylprop-2-ynyl) ether (5.4 g, 13.122 mmol) from PartH and ammonium acetate (54 g)
were combined in a glass pressure vessel. The vessel was sealed with a teflon screw cap,
and the reaction noixrure was heated to 150 °C for 45 hours. The reaction was essentially

complete, and the resulting reaction solution was cooled with an ice bath, acidified to apH
of 1 with 10% hydrochloric acid, and washed with dichloromethane (3 x 500 mL). The
combined organic portions were washed with 10% hydrochloric acid (4 x). The acidic

aqueous portions were combined, basified with potassium hydroxide pellets to apH of 14.

The resulting brown solids were filtered offand recrystallized from methanol. A first crop
of0.6 g was collected for use in Example 5, and a second crop was collected and found to

contain about 2% ofthe 4-hydroxy compound byNMR analysis. The second crop was
returned to the mother liquor, and dichloromethane was added until all solids were
dissolved. 1M Hydrochloric acid in diethyl ether (20 mL) was added to the resulting

20 solution, and the solids that formed were filtered off, and dissolved in water, which was

basifiedtoapHofUwithpotassiumhydroxidepellets. The resulting solution was
washed with dichloromethane (3 x). The organic portions were combined, washed with
water (2 x) and brine (2 x), dried with magnesium sulfate, filtered, and concentrated under
reduced pressure. The resulting white solid (1.8 g) was dissolved in dichloromethane (150
mL), and 1M hydrochloric acid in diethyl ether (5.3 mL) was added to the resulting

solution. The acidified solution was concentrated under reduced pressure. The resulting

sohds were dissolved in water, and this aqueous solution was filtered to remove an oily

sludge. The filtrate was basified with a few drops of20% potassium hydroxide and then
IN potassium hydroxide to apH of 13. The fine white precipitate that formed was filtered

off, rinsed with diethyl ether, and dried under vacuum for 1 8 hours to provide 1 .8064 g of
2,6,7-trime%l-l.{24(3-Phenytorop-2-ynyl)oxy]emyl^

amine, m.p. 186.8-187.5 "C.

25

30
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Analysis: Calculated for Cx&nW: %C, 71.83; %H, 6.63; %N, 16.75; Found: %C,

71.51; %H, 6.50; %N, 16.71.

*HNMR (300 MHz, DMSO-d*) 5 7.32-7.40 (m, 5H), 5.61 (s, 2H), 4.47 (t, J = 5.3 Hz, 2H),

4.36 (s, 2H), 3.83 (t, J - 5.6 Hz, 2H), 2.50 (s, 3H), 2.36 (s, 3H), 2.28 (s, 3H)

Example 8

2,6,7-Trimethyl-H2-(3-phenylpropoxy)e%^

10 2,6,7-Trimethyl-l-{2-[(3-phenyl^^

c]pyridin-4-amine (0.55 g, 1.645 mmol) from Part I ofExample 7 was combined with 10%

palladium on carbon (0. 10 g) in a Parr reactor. Methanol (30 mL) was added to the

resulting mixture undo: a nitrogen purge, and then the mixture was placed under hydrogen

at a pressure of 3 10 kPa for 4 hours. The resulting reaction mixture was filtered through a

15 layer ofCelite™ filter agent, and the filtrate was concentrated under reduced pressure to a

clear oil. The oil was dissolved in 5% methanol in diethyl ether (~ 50 mL), and 1M

hydrochloric acid in diethyl ether (1 .7 mL) was added to the resulting solution. Volatiles

were removed under reduced pressure, and the resulting solids were dissolved in water.

The aqueous solution was stirred for 10 minutes when the product oiled out of solution.

20 The aqueous portion was washed with dichloromethane (3 x). The combined organic

portions were washed with water (2 x) and brine (3 x), dried with magnesium sulfate,

filtered, and concentrated to a glassy oil under reduced pressure. The oil was triturated

with diethyl ether. The solids that formed after 10 minutes of stirring were filtered off and

dried for 18 hours to provide 0.3185 g of 2,6,7-trimethyl-l-[2-(3-phenylpropoxy)ethyl]-

25 l/f-imidazo[4,5^]pyridin-4-amine, m.p. 118.1-11 9.0 °C.
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Analysis: Calculated forC^^O: %C, 70.98; %H, 7.74; %N, 16.55; Found: %C
70.72; %H, 7.77; %N, 16.65.

«HNMR (300 MHz, DMSO-d,) 5 7.09-7.22 (m, 3H), 6.99 (d, J = 8. 1 Hz, 2H), 5.66 (s

2H), 4.43 (U = 5.3 Hz, 2H), 3.64 (t, J = 53 Hz, 2H), 3.27 ft J = 62 Hz, 2H), 2.5

1

5 3H), 2.45 (t, J = 7.8 Hz, 2H), 2.36 (s, 3H), 2.31 (s, 3H), 1.68 (p, J = 7.0 Hz, 2H)

Example 9

2.6'7-T™^M2-{^^
amine

10

PartA

15

20

25

l-^-Trimefcyl^ph^^

Phenylprop-2-enyI] Ether

Sodium hydride (0.41 g, 10.24 mmol, 60% in mineral oil) and anhydrous N,N-
dimethylfbrmaxnide (10 mL) were combined and stirred for 5 minutes under nitrogen. A
solution ofHW-trimelhyl^^

(2 g &
9.752 mmol) from Part G ofExample 7 in N^Kiimethylformamide (15 mL) was then
added to the sodium hydride ove, 5 minutes. After stinmg me resultmg reaction solution
for 10 minutes at room temperature, a solution ofcinnamyl bromide (2.1 1 g, 10.73 mmol)
inN^ethylformamide (15 mL) was added to me reaction solution, and the resulting
reaction mixture was stared for 4 hours and 10 minutes. Sodium hydride (0.10 g, 60% in
mmeraloil) and then cinnamyl Wde(0.1 g) were added to me reaction mixture and
after staring for 30 minutes, HPLC monitoring ofthe reaction mixture indicated about 9%
starting material remaining. The reaction mixture was concentrated under reduced
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pressure, and the resulting oil was dissolved in dichloromethane. The dichloromethane

solution was washed with saturated ammonium chloride (3 x), water (3 x), and brine (3 x),

dried with magnesium sulfate, filtered, and concentrated under reduced pressure to a white

solid, which contained about 6% starting material by HPLC analysis, the white solid was

5 passed through a column of silica (120 g, 40 x 200 mm) using 95/5 ethyl

acetate/dichloromethane. The isolated product was triturated with diethyl ether, filtered

of£ and dried to provide 2.9 g ofproduct with no starting material This was carried on to

the next step.

PartB

10 2,6,7-Timethyl-l-(2-{[(2E)^

amine

l-[2,6,7-Trimethyl-4-pte

phenylprop-2-enyl] ether (2.9 g, 7.013 mmol) from Part A and ammonium acetate (54 g)

were combined in a glass pressure vessel. The vessel was sealed with a teflon screw cap,

15 and the reaction mixture was heated to 150 °C for 45 hours. The reaction was complete,

and the resulting reaction solution was cooled with an ice bath, basified to a pH of about

13 with IN potassium hydroxide, and washed with dichloromethane (4 x 500 mL). The

combined organic portions were washed with water (3 x) and brine (3 x), dried with

magnesium sulfate, filtered, and concentrated under reduced pressure to a white solid

20 The resulting white solid was slowly passed through a column containing 200 g silica that

had been heated with 1% diethyl ether in dichloromethane using 98/2

dichloromethane/methanoL Two crops ofproduct were isolated from the eluted solution,

and both were recrystallized from isopropyl alcohol. The resulting white powder was

dried under vacuum for 18 hours to provide 0.7479 g of 2,6,7-trimethyl-l-(2-{[(2E)-3-

25 phenylprop-2-enyl]oxy}etbyl>l#-ii^ m.p. 143.7-144.8 °C.

Analysis: Calculated for C20H24N4O: %C, 71.40; %H, 7.19; %N, 16.65; Found: %C,

71.36; %H, 7.10; %N, 16.74.

lHNMR (300 MHz, DMSO-d*) 8 7.30-7.33 (m, 4H), 7.20-7.25 (m, 1H), 6.37 (d, J - 16.2

Hz, 1H), 6.20 (dt, J - 16.2, 5.3 Hz, 1H), 5.62 (s, 2H), 4.46 (t, J = 5.3 Hz, 2H), 4.05 (dd, J =

30 6.2, 1.2 Hz, 2H), 3.74 (t, J = 5.3 Hz, 2H), 2.51 (s, 3H), 2.36 (s, 3H), 2.28 (s, 3H)
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Example 10

PartA

2«Uoro-5,6Hnmed,yl^^

Anhydrous N.N-dimethylformamide (200 ml), anhydrous triemyJamine (12.1 ml),
and 2,4^chloro-5,6^Cmyl-3-mtropyri<line (16.05 g) were combined and 2-(3-pyridin-

3-yipropoxy)ethylamine (14.4 g) was then added with stirring. The pale yellow reaction

mixture was heated to 45 °C under a nitrogen atmosphere for 1 hour. HPLC analysis

indicated that the reaction was sufficiently complete to proceed The reaction mixture was
allowed to cool and the solvent was removed under reduced pressure. The resulting oil

was dissolved in ethyl acetate and washed twice: once with a saturated aqueous solution of
ammonium chloride and once with water. The organic layer was men extracted 3 times
with brine, dried with magnesium sulfite, and concentrated under reduced pressure. The
product was passed through a silica gel column using 90/10 ethyl acetate/hexane as the

eluant The resulting oil was dried under vacuum at 60 °C for 2 hours. NMR analysis

indicated sufficient purity for use ofthe product in the next step.

PartB

2-Methoxyethyi ether (diglyme) (50 ml) and sodium hydride (60% in oil) (5.77 g)
were combined. Under a nitrogen atmosphere, a solution ofphenol (13.58 g) and mglyme
(250 ml) was added slowly over 10 minutes to allow for controlled gas evolution. 2-

cMoro-5,6^ethyl-3-mtro^^
(35 , g)

from Part A was then added and the reaction mixture Vas heated to 90 °C. After 1.25
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hours, the reaction mixture clouded and the temperature was increased to 1 10 °C. After an

additional 3.75 hours, HPLC and TLC analysis indicated the reaction was complete. The

reaction mixture was cooled and the solvent was removed under reduced pressure. The

resulting oil was dissolved in ethyl acetate and washed once with 20% potassium

5 hydroxide, once with IN potassium hydroxide, 3 times with water, and 3 times with brine.

The combined organic layers were dried with magnesium sulfate and concentrated under

reduced pressure. The residue was purified by flash chromatography over silica, eluting

with 90/10 ethyl acetate/hexane. The fractions containing purified product were

concentrated under reduced pressure and dried under vacuum at 70 °C overnight NMR

10 analysis of the resulting yellow oil indicated sufficient purity for use of the product in the

next step.

PartC

5,6-dimethyl-2-phenoxy-N
4
-[2^3-^

Under a nitrogen atmosphere, a solution of 2,3-dimethyl-5-nitro-6-phenoxy-N-[2-

15 (3-pyridin-3-ylpropoxy)ethyl]pyridin^amine (27.1 g) in toluene (300 ml) was added to a

Parr hydrogenation flask containing 5% platinum on carbon (10 g). After 4 hours at a

hydrogen pressure of207 kPa, the reaction was judged complete by HPLC and TLC

analysis. The molecular weight and structure ofthe product were confirmed by LC/MS

andNMR analysis, respectively. The reaction mixture was filtered through filter paper,

20 Celite™, and magnesium sulfate. The filtrate was used in the next step.

PartD

2,6J-trimethyM-phenoxy-l-[2-(3-py^

A solution of 5,6-dimethyl-2-phenoxy--N
4
-[2-(3-pyridin-3-

ylpropoxy)ethyl]pyridine-3,4-diamine (12 g) in toluene (300 ml) from Part C was

25 combined with pyridine HC1 (0.08 g) and triethyl orthoacetate (8.4 ml). Under a nitrogen

atmosphere, the reaction mixture was heated to reflux (99 °Q for 1.5 hours. TLC and

HPLC analysis indicated that the reaction was complete. The solvent was removed under

reduced pressure. The resulting yellow oil was dissolved in dichloromethane and washed

once with saturated potassium carbonate, 3 times with water, and 3 times with brine. The

30 combined organic layers were dried with magnesium sulfate and concentrated under

reduced pressure. The resulting yellow oil darkened slightly after being dried under

vacuum at 70 °C overnight. The product was purified by column chromatography over
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10
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ahca using 95/5 ethyl acetate^ethand as the eluant. Theproducts dried and then
tnturated with diethyl ether to yield a white solid that was dried under vacuum at 80 °C
overnight NMR analysis ofthe dried solid indicated a pure product
PartE

2A7-trime%M-^
Under a nitrogen atmosphere, ^J-trimethyl^phenoxy-l-p^-pyridin-a-

yWo^ethvlJ-l/Z-innd^^S^yricline (4 g) fiom PartD and ammonium acetate (40
g) were heatedm a sealedjubeto 150 -C. After 46.5 hours,NMR analysis indicated that

oiily^ofmestartmgmaterialrernained. Thereaction mixture was cooled to ambient
temperature, diluted with ethyl acetate, and washed 3 times with IN potassium hydroxide
and once with water. The organic layers were dried with magnesium sulfate and
concentrated under reduced pressure. The resulting oil was triturated with 90/10 diethyl
ether/toluene and the filtered solids were dried under vacuum at 45 *C. The pale yellow^was dissolved* !0% hydrochloric acid and extracted 3 times with mcmommethane
PCM). Potassium hydroxide was added to the aqueous layer to bring thepH to 14, and
this was subsequently washed 3 times withDCM The combined organic layers were
washed once with water, 3 times with brine, dried with magnesium sulfate and
cencentrated under reduced pressure. The oil was purified by column chromatography
oversilicausing97/3DCM/methanol astheeluant The on was men tnturated with
fcefcyi ether/to^

*cW2A7-trime^
amine, nxp. 108.6 - 109.5 °C.

Analysis: Calculated forQ^jO: %C, 65.49; %H, 7.52; %N, 20 10
Found: %C, 65.69; %H, 7.58; %N, 20.36.

'HNMR (300 MHz, DMSO-dj) 5 8.36 (dd, J - 62, 4.7 Hz, ,H), 8.30 (d, J= 1 9 1H)
7-38(dt, ,= 8.1, 1.9Hz, lH),7.21(dd,J = 7.8,4.7Hz,lH),5.78(s,2H),4.44(U = 53

2H), 2.36 (s, 3H), 2.31 (s, 3H), 1.70 (p, J = 7.0 Hz, 2H)
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Example 11

2^thoxymefcyl)^J^e^

c]pyridin-4-amine

5

PartA
2^ethoxymethyl)-6,7-dimethyl^^

imidazo[4,5-c]pyridine

A solution of 5,6-dime%l-2-phenoxy-l^-[2-(3-pyridin-3-

10 ylpropoxy)ethyl]pyridineO,4^amine (12 g) in toluene (300 ml) from Part C ofExample

10 was concentrated under pressure to yield a pale yellow liquid. Under a nitrogen

atmosphere, this product was combined with anhydrous pyridine (100 ml) and pyridine

HC1 (0.08 g) and the reaction mixture was cooled to 0 °C in an ice bath. Ethoxyacetyl

chloride was added dropwise to the reaction mixture over 5 minutes, which induced the

15 formation of a precipitate and changed the color of the solution from clear to pale yellow.

After 30 minutes, TLC and HPLC analysis indicated the reaction was complete. The

reaction mixture was gently heated to reflux (100 °C) for 17.5 hours under a nitrogen

atmosphere. The mixture was allowed to cool and was then concentrated under reduced

pressure. The oil was dissolved in ethyl acetate and washed once with saturated potassium

20 carbonate, 3 times with water, and 3 times with brine. The brownish red organic layer was

purified by column chromatography over silica using ethyl acetate as the ehiant The

resulting oil was triturated with diethyl ether and dried to yield a white solid NMR and

LC/MS analysis indicated sufficient purity for use ofthe product in the next step.

158



WO 03/103584
PCTAJS03/17659

10

15

20

25

PartB

2<ethoxymeW^^
5

c]pyridin«4-ambe

Underanitoagen aanoapnetn, 2Keftox^eftyIH,7MKlMlilyi^()llaw„H-feMtWPMHH^****,,.
(4.6„ paa A_

^Wflwsrahaat^aseaiadtubetolSO-C.
After 65 hours,NMR analysis '

^cafcddndt.ere^onwaseao.pleto. I!eKac«on mi*torewaS c«,ledtoambien,

and once „,b water. Theors^lay^wa,,^^,^^^^
conoennatedt^dertrfucedpressnre. Tter^r^^teso^M
hytoclMc^da0dwaShed3taK witdioh,orom«ta«(DCM). Potasatan*taU waa added„ tolqw layer to bring thepH to 14, and this was snbseonendy

^^^^^m^^suU^^conc^^^^
od was parifi.i by coluaan ehrotnatogaaphy o,er afflc. oaing ntl DCMAnethanol as'

thealaanl ™'°«»«<n=n.rit*a1edwi,he%l Ketatê
was tecrystalhaed tan ethyl aeeteWbexane to yialdHfcq-WW^w
(3-pyridin.3-yl

l^xy)atkyI].w.totof4^]p^^^ ffia^tt
78.0- 78.5 °C.

P"

Analysis: Calculated for CaHtfWfc o/oC, 65.77; SB. 7.62; %N, 18.26
Found: %C, 65.74; %H, 7.83; %N, 18.31..

'HNMR (300 MHz, DMSO-dfi) 5 8.36 (dd, J= 3.1, 1.9 Hz, 1H), 8.30 (d, J = 1 9 1H)
7.39(dU=8,, 1.9 Hz, ,H), 7.22 (dd, J = 7.5, 5.0 Hz, 1H),5.81

(S,2H), 4.70 (s,'21^4 55

,t 1
= 78^^ 2-39(S' 3H)- 2 -31 ^ 3H). 1^(^= 6.9Hz,2H),l,3(U

o.y Hz, 3H)
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Example 12

2,6,7-Trimethyl-l-[5^methyltMo)p

5 PartA

A mixture of2,4-dihydroxy-5,6:^imethylO-rutropyridine (245 g, 1.33 mol) and

phosphorous oxychloride (2.2 L) was heated at 85°C overnight The bulk ofthe

phosphorous oxychloride (1.75 L) was removed under reduced pressure to provide a black

oil. The oil was poured into water (2.5 L) and the mixture was cooled in an ice bath to

10 5°C. The resulting tan precipitate was isolated by filtration, dissolved in dichloromethane

(~3 L) and filtered to remove some black solids. The filtrate was washed with 10%

sodium carbonate and brine, dried over magnesium sulfate and then concentrated under

reduced pressure to provide 272 g ofa light tan solid. This solid was recrystallized from

heptane (2.5 mL/g) to provide 248 g of2,4^icUoro-5 >6-dimethyi-3-nitropyridine as large

15 amber rods.

PartB

A solution of 5-amino-l-pentanol (28.03 g, 271.4 mmol) inN,N-

dimethylfoimamide (200 mL) was added over a period of45 minutes to a solution of2,4-

dichloro-5,6-dimethyl-3-nitropyridine (60.01 g, 271.4 mmol) inNJSI-dimethylformamide.

20 The reaction was stirred overnight and then the N,N-^iimethylformamide was removed by

vacuum distillation. The residue was dissolved in ethyl acetate (500 mL), washed with

water (4 x 75 mL), dried over magnesium sulfate and then concentrated under reduced

pressure. The crude product was dissolved in hot ethyl acetate (400 mL). Hexanewas

added until a clear solution was obtained then the mixture was allowed to cool to ambient

25 temperature. The resulting precipitate was isolated by filtration and washed with cold

hexane to provide 26. 87 g of 5-[(2^Uoro-5,6-dimethyl-3-nitropyridin^yl)aniino]p0!itan-

l-ol as a solid An additional 4.41 g was isolated from the filtrate.
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PartC

10

15

20

25

30 PartE

Sodium hydride (6.63 g of60%, 166 mmol) was added to chilled (0*C) anhydrous
tetrahyd^funmCOO^^

ofphenol (15.07 g, 160 mmol) in tetrahydrofuxan (150 mL) was added dropwise over a
penodoflhour. A solution of5-[(2<hloro-5,6-dimethyl-3-iutiopyridin-4-

yl)annno]pentan-^l (31.723 g, 1 10 mmol) in tetrahydrofuran (150 mL) was added
dropwise over a period of30 minutes while mamtaining the reaction temperature at 0»C
The reaction mixture was allowed to warm to ambient temperature and then it was heated
at reflux overnight. Analysis by thin layer chromatography indicated that the reaction was50^0o

/ocomplete An additional eqmval^^
reaction mixture at ambient temperature; then the reaction mixture was heated at reflux
overnight The reaction mixture was concentrated under reduced pressure. The residue
was dissolved in ethyl acetate (300 mL); washed sequentially wimwater(2X50mL)

5»/o
sodrom hydroxide (2 x 50 mL)) and IN sodium hydroxide (2 x 50 mL); dried over
magnesium sulfate and then concentrated under reduced pressure. The residue was
divided mto two portions and purified by column chromatography (450 g ofsilica gel
eluungwith 1:1 hexanes:ethyl acetate to 1:3 hexanes:ethyl acetate) to provide 38.13 g of
5-[(2,3^emyl-5-mtro^-phCToxyp^
PartD

Thionyl chloride (10.72 mL, 147 mmol) was added dropwise to a mixture of5-
K2,3^efcyl-5-mt^^

(34Q &^ ^
dichloromethane (250 mL). The reaction mixture was heated at reflux for 2 hours and
then it was placed in an ice bath and quenched with water. The reaction mixture was
concentrated under reduced pressure. The residue was combined with water (300 mL)
Solid sodium bicarbonate was slowly added to pH 1 0; then the mixture was extracted with
ethyl acetate(250mL). The extract was washed sequentially with saturated sodium
bicarbonate(2x 100 mL) and brine (1 x 100 mL), dried over magnesium sulfate and then
concentrated under reduced pressure to provide 30.96 g of7VK5-chloropentyl)-2,3.
dimemyl-5-maxjH5-phenoxypyridm^aimne.

A solutionofA^Uoropentyl>2

(30.86 g, 85 mmol) in toluene (200 mL) was added to a Parr vessel containing a mixture of
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5% platinum on carbon (25.24 g) and toluene (100 mL). The vessel was placed under

hydrogen pressure (30 psi, 2.0 X 10
s
Pa) and allowed to shake overnight The reaction

mixture was filtered through a layer of Celite® filter aid. The filtrate was concentrated

under reduced pressure to provide 24.97 g ofA^-(5-chloropentyl)-5,6-dimethyl-2-

5 phenoxypyridine-3,4-diamine as a thick offwhite oil.

PartF

Pyridine hydrochloride (2 g) and trimethyl orthoacetate (10.5 mL, 82 mmol) were

added to a solution of^<5^hloropentyl>5,6-dimeth)d-2-phenoxypyridine-3,4^

(24.97 g, 75 mmol) in anhydrous tetrahydrofiiran (200 mL). The reaction mixture was

10 heated at reflux for 25 hours, cooled to ambient temperature and then concentrated under

reduced pressure. The residue was dissolved in hot ethyl acetate, titrated with hexanes and

then cooled. The resulting precipitate was isolated by filtration and then it was dissolved

in ethyl acetate (300 mL), washed with water (2 x 100 mL) and with brine (1 x 100 mL),

dried over magnesium sulfate and then concentrated under reduced pressure to provide

15 21.09 g of H5-cMoropentyl>2,6,7-trimethyl^^

PartG

Sodium tbiomethoxide (1.5 g, 21 mmol) was added to a solution of l-(5-

cttoropentyi>2,6,7-trimethyl^ph^ (7.00 g, 19 mmol) in

anhydrous N,N-dimethylformamide (80 mL). The reaction mixture was stirred at ambient

20 temperature for 1 .5 hours, then it as quenched with water and extracted with ethyl acetate

(250 mL). The extract was washed with water (5 X 50 mL), dried over magnesium sulfate

and then concentrated under reduced pressure to provide 6.73 g of2,6,7-trimethyl-l -[5

-

(methylthio)pentyl]^phenoxy4i^imidazo[4,5^]pyridm

PartH

25 Ammonium acetate (25 g) and 2,6,7-trimethyl-l-[5-(methylthio)pentyl]-4-

phenoxy4H-imidazo[4,5-c]pyridine (2.75 g, 7.45 mmol) were combined and heated at

160°C overnight. The reaction mixture was cooled to 0°C and then diluted with water (50

mL). The pH was adjusted to >13 with 15% sodium hydroxide and then the mixture was

extracted with chloroform (2 x 100 mL). The combined extracts were dried over

30 magnesium sulfate and then concentrated under reduced pressure. The residue was

purified on deactivated silica gel (triethylamine) eluting with 2% methanol in chloroform

and then recrystallized from ethyl acetate/hexanes to provide 1.089 g of 2,6,7-trimethyl-l-

162



WO 03/103584
PCI7US03/17659

[5^methyltHo)pentyl]-l^imidazo[4
>5^]pyridin^ainine as an offwhite solid, m.p. 121-

122°C.

10 PartA

Benzenethiol (2.42 mL, 23.6 mmol) was added dropwise to a suspension ofsodium

hydride (0.944 g of60%, 23.6 mmol) in anhydrous N^-dimemylformamide (50 mL) and

stirred until a clear solution was obtained. A solution of l-(5-chloropentyl)-2,6,7-

trimemyl-4-phenoxy-l^-iniidazo[4,5-c]pyridine (6.5 g, 18.2 mmol) in anhydrous N.N-

1 5 dimethylformamide (50 mL) was added dropwise. The reaction mixture was stirred at

ambient temperature for 2 hours, then it was quenched with water and extracted with ethyl

acetate (300 mL). The extract was washed with water (5 x 75 mL), dried over magnesium

sulfate and then concentrated under reduced pressure to provide 7.20 g of2,6,7-trimethyl-

4-phmoxy-l-[5-(phenyltMo)pentyl^^

20 PartB

Ammonium acetate (25 g) and 2,6,7-trimethyl-4-phenoxy-l-[5-

(phenyltMo)pentyl]-lF-imidazo[4
)5-c]pyridine (2.50 g, 5.80 mmol) were combined and

heated at 160°C in a sealed tube for 2 days. The reaction mixture was cooled to ambient

temperature and diluted with water (100 mL). Sodium hydroxide (15%) was added and

25 the mixture was extracted with chloroform (2 x 150 mL). The combined extracts were

dried over magnesium sulfate and then concentrated under reduced pressure. The residue

Analysis: Calculated for C15H24N4S: %C, 61.61; %H, 8.27; %N, 19.16; Found: %C, 61.40;

%H, 8.43; %N, 18.92.

5

Example 13

2,6,7-Trimemyl-l-[5<phmylthio)pentyl]-li/-inn
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was purified by column chromatography (silica gel eluting with 2% methanol in

chloroform) followed by recrystallization from methanol/dicMoromethane/hexanes to

provide 2,6J-trimethyl-l-[5^henylthio)pentyl]4^ as an

offwhite powder, m.p. 181-183°C.

5 Analysis: Calculated for C20H26N4S: %C, 67.76; %H, 739; %N, 15.8; Found; %C, 67.41;

%H, 7.53; %N, 15.54.

Example 14

l-[2^2-Aminoethoxy)ethyl]-2,6,7-trimethyl-ljFf-imid

Under a nitrogen atmosphere, a solution of 2-{2-aminoethoxy)ethanol (27.8 mL,

277 mmol) in tetrahydrofuran (180 mL) was cooled to 0°C. Sodium hydroxide (140mL

1 5 of2N) was added. A solution of di-terf-butyl dicarbonate (60.27 g, 277 mmol) in

tetrahydrofuran (180 mL) was added dropwise over a period of 1 hour with rapid stirring.

The reaction was allowed to warm to ambient temperature and stir overnight The

tetrahydrofuran was removed under reduced pressure. The pH ofthe resulting slurry was

adjusted to ~3 by adding sulfuric acid (150 mL of 1M). The mixture was extracted with

20 ethyl acetate (6 x 100 mL). The combined extracts were washed with water (2 x 100 mL)

and brine (1 x 100 mL), dried over magnesium sulfate and then concentrated under

reduced pressure to provide 48.53 g of tert-butyl 2-(2-hydroxyethoxy)ethylcaibamate as a

colorless oil.

PartB

25 Under a nitrogen atmosphere, a solution of terf-butyl 2-(2-

hydroxyethoxy)ethylcaibamate (48.53 g, 236 mmol) in anhydrous dichloromethane (1 L)

was cooled to 0°C. Triethylamine (49.4 mL, 354 mmol)) was added. Methanesulfonyl

10

Part A
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chloride (20.10 ml, 260 mmol) was added dropwise over a period of 10 minutes. The
reaction was allowed to warm to ambient temperature and stir overnight The reaction was
quenched with saturated sodium bicarbonate solution (500 mL). The organic layer was
washed with water (3 x 500 mL) and brine (1 x 500 mL), dried over sodium sulfite and
then concentrated under reduced pressure to provide 66.9 g of2- {2-[(tert-

butoxycarbon^aminojethoxyjethyl methanesulfonate as a brown oil.

PartC

Sodium azide (16.8 g, 259 mmol) was added to a solution of2-{2-[(tert-
butoxycarbonyl)annno]ethoxy)ethyl methanesulfonate (66.9 g, 236 mmol) inN^-
dimemylfonnamide(400mL). The reaction was heated at 90°C for 1.5 hours. The
reaction mixture was allowed to cool to ambient temperature, diluted with cold water (500
mL) and then extracted with diethyl ether (4 x 300 mL). The combined extracts were
washed with water (4 x 100 mL) and brine (1 x 200 mL), dried over magnesium sulfite

and then concentrated under reduced pressure to provide 52 g ofr^-butyl 2-(2-

azidoethoxy)ethylcarbamate.

PartD

A solution of tetf-butyl 2-(2^doethoxy)ethylcarbamate (52 g, 226 mmol) in

methanol (500 mL) was added to a Parr vessel containing 10% palladium on carbon (4 g)
which had been wetted with toluene (30 mL). The mixture was placed under hydrogen
pressure (30 psi; 2.0X 10

s
Pa). After 18.5 hours analysis by thin layer chromatography

indicated that the reaction was not complete. Catalyst (0.5 g) was added and the

hydregenation was continued for an additional 4 hours. The reaction mixture was filtered

through a layer ofCelite® filter aid and a glass wool filter pad. The filter cake was rinsed
with a mixture of isopropanol and methanol. The filtrate was concentrated under reduced
pressure to provide tert-butyl 2^2-aminoethoxy)ethylcarbamate.

PartE

Amixture of2,4^^x^5,6^^^
(245 g, 1.33 mol) and

phosphorous oxychloride (2.2 L) was heated at 85°C overnight The bulk ofthe
phosphorous oxychloride (1 .75 L) was removed under reduced pressure to provide a black
oil. The oil was poured into water (2.5 L) and the mixture was cooled in an ice bath to

5»C. The resulting tan precipitate was isolated by filtration, dissolved in dichloremethane

(~3L)andfilteredtoremovesomeblacksoUds. The filtrate was washed with 10%
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sodium carbonate and brine, dried over magnesium sulfate and then concentrated under

reduced pressure to provide 272 g of a light tan solid. This solid was recrystallized from

heptane (2.5 mL/g) to provide 248 g of2AdicUon>-5,6-dimethyl-3-nitropyridine as large

amber rods.

5 PartF

Under a nitrogen atmosphere, a solution oftert-butyl 2-(2-

aminoethoxy)ethylcarbamate (23.1 g, 113 mmol) in N,N-dimethylformaniide (100 mL)

was added over a 1 hour period to a solution of2,4^iicUon)-5,6-dimethyl-3-nitropyridine

(25.02 g, 113 mmol) in N^-dimethylformamide (400 mL) containing triethylamine (24

10 mL, 175 mmol). The reaction mixture was allowed to stir at ambient temperature

overnight The N^-^iimethylformamide was removed under reduced pressure. The

residue was dissolved in ethyl acetate (500 mL), washed with water (3 x 100 ml), dried

over magnesium sulfate, and then concentrated under reduced pressure. The residue was

purified by column chromatography (450 g of silica gel eluting sequentially with 3/1

15 hexanes/ethyl acetate (1 .2 L), 2/1 hexanes/ethyl acetate (1 .2 L), and 1/1 hexanes/ethyl

acetate (1 L)) to provide 20.67 g of terf-butyl 2-{2-[(2^hloro-5,6-dimethyl-3-nitropyridin-

4-yl)amino]ethoxy}ethylcarbamate.

PartG

Phenol (5.33 g, 56.63 mmol) was added in small portions over a period of 10

20 minutes to a chilled (0°) suspension ofsodium hydride (2.39 g of60%, 59.75 mmol) in

anhydrous tetrahydrofuran (100 mL). After the addition was complete, the reaction was

allowed to stir at 0° for 30 minutes. A solution tert-butyl 2- {2-[(2-chloro-5,6-dimethyl-3-

mtK)pyridin^-yl)amino]ethoxy}ethylcaihamate (20.67 g, 53.16 mmol) in tetrahydrofuran

(100 mL) was added over a period of 1 hour while maintaining the temperature at 0°C.

25 The ice bath was removed and the reaction mixture was heated to reflux. At 46 and 52

hours additional fresh sodium phenoxide (1 1 .3 mmol) was added Refluxing was

continued for 2 hours after the second addition. The reaction mixture was diluted with

ethyl acetate (500 mL); washed sequentially with water (3 x 100 mL), IN sodium

hydroxide (2 x 100 mL), and brine; dried over magnesium sulfate and then concentrated

30 under reduced pressure. The residue was purified by column chromatography (450 g of

silica gel eluting with 1/1 hexanes/ethyl acetate) to provide 19.85 g of tert-butyl 2-{2-

[(2,3-dimethyl-5-nitro-6-phenoxypy^^
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15

PartH

A solution ofofterMmtyl 2-{2-[(2,3^ethyI-5-mtro^phenoxW^din-4-
yl)ammo]eth0xy}ethylcari)amate (15.34 g, 3435 mmol) in absolute ethanol (500 mL) was
combined with 5% platinum on carbon (12.02 g) in a Pair vessel and placed under

5 hydrogen pressure overnight The reaction mixture was filtered through a layer ofCelite®
filteraid. The filtrate was concentrated under reduced pressure. The resulting residue was
purified by column chromatography (250 g ofsilica gel eluting with 1/1 ethyl

acetate/hexanes) to provide 11.21 g ofrm-butyi 2-{2-[(3-ammo-5,6Hlimethyi-2-

phenoxypyridm^yl)ainmo]ethoxy}emylcarbamate.

10 Parti

Trimethyl orthoacetate (3.55 mL, 28.27 mmol), terz-butyl 2-{2-[(3-amino-5,6-

dimemyl-2-phenoxypyridm^yi)arnino]^
(U 2l & 26 92

pyridine hydrochloride (1.12 g) and toluene (120 mL) were combined and heated at reflux
for2.5hours. The reaction mixture was concentrated under reduced pressure. The residue
was dissolved in ethyl acetate (300 mL), washed with water (3 x 100 mL) and brine (1 x
100 mL), dried over magnesium sulfite and then concentrated under reduced pressure to
provide 9.85 g of/^butyl 2W,6,7-trime*y^
yl)ethoxy]ethylcarbamate.

Part J

A mixture ofammonium acetate (100 g) and tert-butyl 2-[2K2,6,7-trimethyi-4-

phenoxy-ltf-irmd^^
(qg5 g)^^ ^

160«C for 18.5 horns. The reaction mixture was diluted with water (100 mL), made basic
(pH 13) with 15% sodium hydroxide (160 mL), saturated with sodium chloride and then
extracted with chloroform (9 x 100 mL). The combined extracts were dried over
magnesium sulfate and then concentrated under reduced pressure. Analysis by high
performance liquid chromatography andNMR showed that the residue contained about
13% ofN-{2-[2,6,7-trimemyl^phenxoy-l^inridazo

yl)emoxy]ethyl}acetamide. The residue was combined with ammonium acetate (71 g)ina
pressure vessel and heated at 160°C for 20 hours. The reaction was worked up as before.

Residual ammonium acetate was removed by sublimation (high vacuum at 35»C) to

provide 7.36 g ofN-{2-[4-antino-2,6,7-trimethyI-W-iriuto[4,5^1pyridin-l-
yl)ethoxy]ethyl} acetamide.

20

25

30
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PartK

N-{2-[4-amino-2,6,7-trim^^

yl)ethoxy]ethyl}acetamide (7.36 g), concentrated hydrochloric acid (45 mL) and absolute

ethanol (100 mL) were combined and heated at 90°C After 26.5 hours additional

5 concentrated hydrochloric acid (2 mL) was added. The reaction was stopped after 29

hours and concentrated under reduced pressure. In order to remove excess hydrochloric

acid, the residue was twice diluted with ethanol (100 mL) and concentrated under reduced

pressure. The residue was dissolved in water (100 mL) and washed with chloroform (3 x

50 mL). The aqueous layer was adjusted to pH £12 with 15% sodium hydroxide,

10 saturated with solid sodium chloride and then extracted with chloroform (9 x 100 mL).

The combined extracts were dried over magnesium sulfate and then concentrated under

reduced pressure. The residue was purified by column chromatography (100 g ofsilica

gel eluting with 4% methanol in chloroform containing 1% triethylamine) to provide 4.18

g of l-[2-(2-ammoethoxy)ethyl]-2A as a

15 white powder, m.p. 130-133°C.

Analysis: Calculated for Q3H21N5O • 0.03 HCi: %C, 59.05; %H, 8.01; %N, 26.48; Found:

%C, 58.70; %H, 7.99; %N, 26.37.

lHNMR (300 MHz, CDCI3) 5 4.79 (s, 2 H), 4.43 (t, J = 5.6 Hz, 2 H), 3.75 (t, J = 5.3 Hz, 2

H), 3.38 (t, J = 5.3 Hz, 2 H), 2.78 (t, J = 5.3 Hz, 2 H), 2.59 (s, 3 H), 2.43 (d, J = 6.9 Hz, 6

20 H),1.07(bs,2H);

MS(CI)m/e264(M+H)
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Example 15

N- {2-[2<4-Amino-2,6J-trimethyl4^-inuda2o[4,5^]pyridin4^

yl)ethoxy]ethyl}moipholin&4^aiboxamide

O

Under a nitrogen atmosphere, 4-morpholinecarbonyl chloride (370 pL) was added

to a solution of H2^2-animoetooxy)emyl]-2,6,7-trm^

amine (0.757 g) in chloroform (1 1 mL) and triethylamine (520 *iL). The reaction mixture

was stirred at ambient temperature for about 3 hours; then it was diluted with chloroform

(20 mL) and washed with saturated sodium bicarbonate solution. The organic layer was

dried over magnesium sulfate and concentrated under reduced pressure. The crude

product was recrystallized from acetonitrile and dried in a vacuum oven at 60°C for 24

hours to provide 0.7014 g of^{2-[2^4-ammo-2,6,7-trm^

l-yl)emoxy]emyl}morpholme-4-carboxamide as a white powder, mp. 205-207°C.

Analysis: Calculated for QgHatNsQj • 0.05 HC1: %C, 57.15; %H, 7.47; %N, 22.22;

Found: %C, 56.75; %H, 7.47; %N, 21 .98.

'HNMR (300 MHz, CDC13) 8 4.80 (s, 2 H), 4.45 (t, J = 5.3 Hz, 2 H), 4.30 (s, 1 H), 3.75 (t,

J = 4.9 Hz, 2 H), 3.62 (t, J = 4.9 Hz, 4 H), 3.44 (t, J = 4.7 Hz, 2 H), 3.34 (m, 2 H), 3.09 ft-

J

- 4.7 Hz, 4 H), 2.57 (s, 3 H), 2.43 (d, J = 3.1 Hz, 6 H);

MS(Cr)m/e377(M+H)
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Example 16

i^{2-[2^4-Amino-2,6,7-trime%l-l/f-iim

methyipropanamide

O

5

Under a nitrogen atmosphere, isobutyryl chloride (330 pL, 3.15 mmol) was added

to a solution of l-[2-(2-aminoethoxy)ethyl]-2,6J"trimethyi-l/f-imidazo[4,5H:]pyridin-4-

amine (0.757 g, 2.875 mmol) in chloroform (1 1 mL) and triethylamine (520 jiL, 3.78

mmol). The reaction mixture was stirred at ambient temperature for about 3 hours; then it

10 was diluted with chloroform (20 mL) and washed with saturated sodium bicarbonate

solution. The organic layer was dried over magnesium sulfate and concentrated under

reduced pressure. The residue was purified by column chromatography ( 10 g of silica gel

eluting with 2% methanol in chloroform containing 0.5% triethylamine) to provide 0.3486

g ofN- {2-[2^4-annno-2,6/7-trm

15 methyipropanamide as a solid, m-p. 179.5- 1 82°C.

Analysis: Calculated for CnH^NsOz • 0.06 HC1: %C, 60.84; %H, 8. 13; %N, 20.87;

Found: %C, 60.67; %H, 7.89; %N, 20.57.

'HNMR (300 MHz, CDC13) 8 523 (bs, 1 H), 4.93 (bs, 2 H), 4.44 (t, J = 5.3 Hz, 2 H), 3.74

(t,J = 5.6Hz,2H), 3.42(t,J = 5.3 Hz,2H), 3.32(m,2H),2.58(s,3H), 2.44(d,J = 8.1

20 Hz, 6 H), 2.15 (quintet, J = 6.7 Hz, 1 H), 1.04 (d, J = 6.8 Hz, 6 H);

MS(CI)m/e334(M+H).

In the examples below the compounds were purified either by preparative high

performance liquid chromatography (Method A) or by flash chromatography (Method B).

25 In Method A the compounds were purified by preparative high performance liquid

chromatography using a Waters Fraction Lynx automated purification system. The prep
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HPLC fractions were analyzed using a Micromass LC-TOFMS and the appropriate

fractions were combined and centrifuge evaporated to provide the trifluoroacetate salt of
the desired compound Column: Phenomenex Luna CI 8(2), 21.2 x 50 mm, 10 micron
particle size, 100A pore; flow rate: 25 mL/min.; non-linear gradient elution from 5-95% B

5 in 12 min, then hold at 95% B for 2 min., whereA is 0.05% trifluoroacetic acid/water and
B is 0.05% trifluoroactic acid/acetonitrile; fraction collection by mass-selective triggering.

In MethodB the compounds were purified by flash chromatography using a 4 g
silica gel cartridge (RediSep, ECO, 230-400 mesh, 6.25 cm x 1 .27 cm diameter) attached
to a gradient pump system, 254 nmUV detector and fraction collector (ISCO CombiFlash

10 SglOOc system). The column was equilibrated with dichloromethane and the reaction
mixture was injected onto the column. The mixture was eluted at 30 mL/minute, with a
gradient program consisting of 100% dichloromethane for 12 seconds, a linear gradient to

10% methanol/dichloromethane over 1 minute and holding at 10%
methanol/dichloromethane to elute the desired compound Fractions were examined by

1
5

thin layer chromatography and those containing the desired compound were pooled and
evaporated In cases where the reaction mixture was a suspension, the mixture was treated
with -125 mg oftris-(animoemyl)amine polystyrene (Argonaut PS-Trisamine, 3.85
meq/g), shaken for several minutes and then filtered prior to injection into the column.

20
Examples 17-32

The compounds in the table below were prepared using the following method The
appropriate acid chloride (1 . 1 eq.) was added to a test tube containing a solution of l-[2-

(2-ammoemoxy)emyl]-2,6,7-trimemyl-l^
(25 mg)^

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at

25 ambient temperature overnight (-18 hours). The solvent was removed by vacuum
centrifugation. The table below shows the structure ofthe free base (compounds purified
byMethodA were isolated as trifluoroacetate salts), the observed accurate mass and the
purification method that was used for that particular compound
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NH
2

o

Example

Number

Accurate Mass

(observed)

Purification

Method

17 butyl 348.2391 B
18 phenyl 368.2095 B

19 cyclohexyl 374.2520 B

20 benzyl 382.2239 B

21 4-fluorophenyl 386.1984 B

22 2-tbienylmethyl 388.1808 B

23 4-cyanophenyl 393.2031 B
24 3-cyanophenyl 393.2025 B

25 2-phenylethyl 3962413 B

26 3-methoxyphenyl 398.2194 B

27 4-methoxyphenyl 398.2173 B

28 2-chloro-5-pyridyl 403.1654 B

29 benzyloxymethyl 412.2364 B

30 2-napbthyl 418.2225 B
31 3-trifluoromethylphenyl 436.1938 B

32 4-trifhioromethoxyphenyl 452.1924 B
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Example 33

(ltf^)-^2-[2^4-^^

yl)ethoxy]ethyl}-2-phenylcyclopn)panecaiboxamide

NH
2

^\ 0

Using the method ofExamples 17 - 32, trans-2-phenylcyclopropylcarbonyl

chloride was reacted with l-[2^2-aminoethoxy)ethyl]-2,6J-trimethyl-l^.imidazo[4,5-

c]pyridin-4-amine to provide the desired compound. The product was purified using

Method B. The observed accurate mass was 408.2392.

Examples 34 - 50

The compounds in the table below were prepared using the following method. The
appropriate sulfonyl chloride (1.1 eq.) was added to a test tube containing a solution of 1-

[2^-aihinoemoxy)e^
(25 mg) m

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at

ambient temperature overnight (-18 hours). The solvent was removed by vacuum
centrimgation. The table below shows the structure ofthe free base (compounds purified

by MethodA were isolated as trifluoroacetate salts), the observed accurate mass and the

purification method that was used for that particular compound.
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Examole

Number

Accurate Mass

(observed)

Purification

Method

34 ethyl 356.1729 A

35 l-methylethyl 370.1901 A

36 butyl 384.2092 A

37 phenyl 404.1767 B

38 2-tbienyl 410.1327 B

39 benzyl 418.1900 A

40 3-fluorophenyl 422.1646 B

41 4-cyanophenyl 429.1709 B

42 3-cyanophenyl 429.1704 B

43 4-methoxyphenyl 434.1857 B

44 2,4-difluorophenyl 440.1559 B

45 1-naphthyl 454.1910 B

46 2-naphthyl 454.1916 B

47 4-trifluoromethylphenyl 472.1639 A

48 4-biphenyl 480.2050 A

49 4-methylsulfonylphenyl 482.1506 A

50 4-trifluoromethoxyphenyl 488.1624 A !
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Example 51

dimethylsulfamide

NHj

Using the method ofExamples 34- 50, dimemyisulfamoyl chloride was reacted
with l-PK2-aimnoethoXy)ethyl].2,6,7.trim^

t0
provide the desired compound. The product was purified using Method A. The observed
accurate mass was 371 . 1 861

.

Example 52

N-{2-[2^4-Amko-2,6/7-tr^^

dime%l-2^xo-bicyclo[2.2.1]hept-l-y1)memanesulfon^

Using the method ofExamples 34 - 50, D-(+)-10-camphorsulfonyl chloride

reacted with H^-ammoemoxyJem^^
was
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amine to provide the desired compound The product was purified using Method A. The

observed accurate mass was 478.2455.

Example 53

5 N-{2-[2-(4-Amino-2A7-trim 1-yl)ethoxy]ethyl} -4-{[4-

(ri^ethylamino)phenyl]diazenyl}be

Using the method ofExamples 34 - 50, 4-dimethylaminoa2obenzene4'-sulfonyl

10 chloride was reacted with 142^2-aminoethoxy)ethyi]-2,6J-rj^e%l-lff-imidazo[4,5-

cjpyridin^amine to provide the desired compound. The product was purified using

Method A. The observed accurate mass was 55 1.255 1

.

Examples 54 -68

15 The compounds in the table below were prepared using the following method The

appropriate isocyanate (1.1 eq.) was added to a test tube containing a solution of l-[2-(2-

ainmoethoxy)ethyl]-2,6,7-tr^ (25 mg) in

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at

ambient temperature overnight (-18 hours). The solvent was removed by vacuum

20 centrifugation. The table below shows the structure ofthe free base (compounds purified
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by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the

purification method that was used for that particular compound

NH
2

0

Example

Number

R. Accurate Mass

(observed)

Purification

Method

54 1-methylethyl 349.2360 B
55 1,1-dimethylethyl 363.2506 B
56 butyl 363.2511 B
57 phenyl 383.2200 B
58 cyclohexyl 389.2638 A
59 ethoxycarbonyknethyl 393.2236 A
60 3-cyanophenyl 408.2141 A
61 3-methoxyphenyl 413.2319 A
62 3-acetylphenyl 4252293 A
63 4-(dimethylamino)phenyl 426.2644 A
64 3-(methyltbio)phenyl 429.2057 A
65 2,4-dimethoxyphenyl 4432390 A
66 phenylsulfonyl 447.1819 A
67 4-methylphenylsulfbnyl 461.1969 A
68 2-chlorophenylsulfonyl 481.1418 A
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Example 69

^{2-[2^4-Amino-2)6J-trimethyl-li/-imito

yl)ethoxy]ethyl}moipholine-4^aiboxamide

Using the method ofExamples 54 - 68, 4-morpholinecaibonyi chloride was

reacted with l-[2<2-aminoethoxy)ethyl]-2,6,7-t^

amine to provide the desired compound. The product was purified using Method A. The

ohserved accurate mass was 377.2295.

Example 70

jV-{2-[2^4~Anrino-2,6^

[(liJ^^^-phenylcyclopropyllurea

Using the method ofExamples 54 - 68, trans-2-phenyicyclopropyl isocyanate was

reacted with l-[2-(2-aminoethoxy)ethyi]-2,6,7-t^
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5

10

15

20

amine to provide the desired compound. The product was purified using Method A. The
observed accurate mass was 423.2508.

Example 71

A^-P^Animo-W-trta^

methyl-N-phenylurea

NH
2

» 0
O \

Using the method ofExamples 54 - 68, N-methyl-N-phenylcarbamoyl chloride

was reacted with H2^2-ainirK>emoxy)eth^^

amine to provide the desired compound. The product was purified using Method A. The
observed accurate mass was 397.2343.

Examples 72 -76

The compounds in the table below were prepared using the following method. The
appropriate isothiocyanate (1 .1 eq.) was added to a test tube containing a solution of l-[2-

(2-annnoemoxy)emyl]-W^
(25 mg)^

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at

ambient temperature overnight (~1 8 hours). The solvent was removed by vacuum
centrifugation. The table below shows the structure ofthe free base (compounds purified

by MethodA were isolated as trifluoroacetate salts), the observed accurate mass and the

purification method that was used for that particular compound.
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NH2

Example

Number

R. Accurate Mass

(observed)

Purification

Method

72 3-(dimethylamino)propyl 436.2851 A
73 phenyl 399.1946 A
74 2-fiiroyl 417.1715 A
75 2-phenylethyl 427.2289 A
76 4-methoxyphenyl 429.2057 A

Example 77

Ar
-{242^4-Ammo-2,6J-trimemyl-l/^imidazo[4,5^]pyridm-l- •

yl)emoxy]emyl}methanesulfonamide

NH2

5

Under a nitrogen atmosphere, methane sulfonic anhydride (550 mg) was added to a

solution of H2-(2-anrinoemoxy)emyl]-2,6,7-tr^^

(757 mg, 2.875 mmol), triethylamine (520 uL) and chloroform (11 mL). The reaction

10 mixture was allowed to stir at ambient temperature for about 3 hours. The reaction

mixture was diluted with chloroform (20 mL) and washed with saturated sodium

bicarbonate solution (10 mL). The organic layer was dried over magnesium sulfate and
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10

then concentrated under reduced pressure to provide crude product as a light yellow oil.

The oil was purified by column chromatography (10 g of silica gel eluting with 2%
methanol in chloroform containing 0.5 % triemylamine). The fractions containing

product were combined and concentrated under reduced pressure. The residue was

purified using MethodA described above to provide 0.2753 g ofAH2-[2-(4-ainino-2,6,7-

uimemyl-l/f-iimdazo[4,5^]pyridm-l-yl)emoxy]e^

Example 78

l-[5^etbimesmfonyl)pentyl]^

N'

3-Chloroperoxybenzoic acid, available as an approximately 75% pure mixture

(mCPBA), (2.727 g, 15.80 mmol) was slowly added to a solution of2,6,7-trimethyl-l-[5-

(memyltMo)pentylH#-imi^
(L442 & 4.933 described

in Example 12, in dichloromethane (60 mL), and the reaction was stirred for three hours.

15 The volatiles were removed under reduced pressure, and the residue was dissolved in

dichloromethane (100 mL). The solution was washed with 10% aqueous sodium

hydroxide (2 x 100 mL), dried over magnesium sulfate, filtered, and concentrated under

reduced pressure. The product was recrystallized first from a mixture ofdichloromethane,

hexanes, and ethanol and secondly from a mixture ofmethanol, ethyl acetate, and hexanes

20 to provide 0.738 g of l-[5^memanesutfonyl)pentyl]^

c]pyridm^amine as a solid, m. p. 199-200 °C. Analysis: Calculated forCjH^QzS:
%C, 55.53; %H, 7.45; %N, 17.27; %S 9.88. Found: %C, 55.17; %H, 7.67; %N, 16.99;

%S9.75.
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Example 79

l-[5-(Benzenesulfo^

The reaction was carried out as described in Example 78 with the following

exceptions. mCPBA (2.01 g, 1 1.65 mmol) was added to a solution of2,6,7-trimethyl-l-

[5-(phenylthio)pentylH#-iim (132 g, 3.72 mmol), described

in Example 13, in dichloromethane (100 mL). Th? crude product (L45 g) was purified by

column chromatography on silica gel (eluting sequentially with 99:1

dichloromethanennethanol and 95:5 dichloromethanennethanol) to provide 0.245 g of 1-

[5^en2^esulfonyl)penty^ as a solid,

m. p. 166-167 °C. Analysis: Calculated for C20H26N4O2S: %C, 62.15; %H, 6.78; %N,

14.05; %S 8.30. Found: %C, 61.83; %H, 6.69; %N, 14.39; %S, 7.98.
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Example 80

l-[2^en2yloxy)ethyl]-2^

r J

PartA

5 Aqueous sodium hydroxide (5 10mL of2 M) was added to a solution ofethanol
amine (61.0 g, 1.00 mol) in tetrahydrofuran (500 mL). The temperature ofthe reaction
was maintained at 25 °C using a water bath. A solution of di-terf-butyl dicarbonate (218

g, 1 .00 mol) in tetrahydromran (500 mL) was added dropwise over a period ofone hour
with rapid stirring, and a white precipitate formed. The reaction was stirred for 17 hours,

10 and the tetrahydrofuran was removed under reduced pressure. ThepH ofthe resulting
slurry was adjusted to ~2 by adding sulfuric acid (550mL of 1M), and the resulting clear

solution was extracted with ethyl acetate (3 x 500 mL). The combined extracts were
washed thrice with water and twice with brine, dried over sodium sulfate, filtered, and
concentrated under reduced pressure to provide 142.2 g of/ert-butyl 2-

1 5 hydroxyethyicarbamate as a colorless oil.

PartB

Benzyltrimethylammonium chloride (4.61 g, 24.8 mmol) was added to a mixture
of tert-butyl 2-hydroxyethylcarbamate (40.0 g, 248 mmol), dichloromethane (600 mL),
and 50% aqueous sodium hydroxide (400 mL). Benzyl bromide (29.5 mL, 248 mmol)'

20 wasmenadde^andmereactionwasstirredforthieehou^^ Ice water was added (1 L),
andmeaqueou5 solutionwasextractedwithchloroform(5x). The combined organic

'

solutions were washed with water (2 x) and brine (3 x), dried over magnesium sulfate,

filtered, and concentrated under reduced pressure. Upon concentration, a white precipitate

formed, and the organic solution was washed again with water (3 x 100 mL). The
25 combined washings were extracted with chloroform (3 x 50 mL). The combined organic

solutions were washed with brine (3 x 50 mL), dried over magnesium sulfate, filtered, and
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concentrated under reduced pressure to provide 59. 1 g of te/f-butyl 2-

(benzyloxy)ethyicaibamate as a colorless oil.

PartC

A solution of7% hydrochloric acid in ethanol (245 g of-1.6 M) was added to tert-

5 butyl 2-(benzyloxy)ethylcarbamate (59.1 g, 235 mmol), and the solution was stirred at

room temperature for 17 hours. The volatiles were removed under reduced pressure to

provide 52.1 g ofa white solid, which was recrystallized from ethyl acetate (650 mL) and

a small amount ofmethanol. The crystals were isolated by filtration and dried for three

days at 78 °C and 39.9 Pa to provide 32.2 g of2-(benzyloxy)ethylamine hydrochloride as

10 a white solid.

PaitD

Under a nitrogen atmosphere, triethylamine (40.4 mL, 290 mmol) was added to a

solution of 2,4^chloro-6-methyl-3-nitropyridine (12.0 g, 58.0 mmol), prepared according

to the general method ofPartA ofExample 1 using 2,4-dihydroxy-6-methyl-3-

15 nitropyridine in lieu of2,4-dihydroxy-5,6-dimethyl-3-nitropyridine, in anhydrous N,N-

dimethylfonnamide (DMF) (200 mL). To the resulting dark brown solution was added 2-

(benzyloxy)ethyiamine hydrochloride (1 1.97 g, 63.76 mmol), and the mixture was stirred

at room temperature for 23 hours. The volatiles were then removed under reduced

pressure, and the residue was mixed with water and ethyl acetate. The organic layerwas

20 washed with water (3 x 200 mL), aqueous sodium bicarbonate (2 x 200 mL), and brine (3

x 250 mL), dried over magnesium sulfate, filtered, and concentrated under reduced

pressure to provide a brown oil. The crude product (1 8. 1 g) was purified by column

chromatography on silica gel (700 g, eluting with 80:20 hexanerethyl acetate) to provide

an oil which was triturated with 80:20 hexane:ethyl acetate. The resulting crystals were

25 isolated by filtration and dried to provide 4.7 g of [2-(benzyloxy)ethyl]-(2-chloro-6-

methyl-3-nitropyridin-4~yl)amine as a yellow solid

PartE

Under a nitrogen atmosphere, diglyme (20 mL) was added to sodium hydride

(0.548 g, 13.7 mmol), which is available as a 60% dispersion in mineral oil, and the

30 mixture was cooled to 0 °C. A solution ofphenol (1 .35 g, 14.4 mmol) in diglyme (20 mL)

was added, and the addition flask was rinsed with additional diglyme (2x5 mL), which

was added to the reaction flask. The reaction became homogeneous and was stirred for 30
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m^oa wa, .fiowed to eool andto alowly poweu utto water (500 n*) aM atured

*»^"-«—

10 yellow solid.

PartF

Underarntogenpu^ 5%plattamo,, calton(1 „ig)^^
addedtoaPareveasel. [2<BCTzytay)ea,yl,,6.^.3^^^^

.5 ^^^^^^^ ^
nature,« filtered through a layer ofCELTTE filter aid, and Ihe State was concenfiated
^'^l^»yi=ld4.0g0f^2Kb«^rayWlylJ^i^1.2.

20 U°tea^ena<mosphere,a Sohuo.„f^

^^^y^O-SreMSrernoflw^
'

^.^ll^™^^^,^,,^^^
waaa*red fer20ntate, Tto-ta^...^,^^MM? tad ^..^
X). ^""toMorgamcaolutiomwaredriMover^s^s,,^^

^ira^u.derred^pre^teprevidaawlitepowdar.
The powder was dried

for three days under vaeuum al room temperatore to providee.Ol g„fAr.{4-r2

PartH
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Under a nitrogen atmosphere, a solution ofiV^{4-[2-(benzyloxy)eth)iamino]-6-

methyl-2-phmoxypyridm^ & 9.13 mmol) and pyridine

hydrochloride (4.0 g, 35 mmol) in anhydrous pyridine (30 mL) was heated at reflux. After

22 hours, an analysis by high-performance liquid chromatography (HPLQ indicated die

5 presence ofstarting material, and additional pyridine hydrochloride (0.05 g, 0.4 mmol)

was added. After an additional hour, an HPLC analysis again indicated the presence of

starting material, and additional pyridine hydrochloride (0.05 g, 0.4 mmol) was added

The reaction was heated at reflux for an additional four days and thai was allowed to cool

to room temperature. The volatiles were removed under reduced pressure, and the residue

10 was dissolved in dichloromethane. The resulting solution was washed with water (3 x)

and brine (3 x), dried over sodium sulfate, filtered, and concentrated under reduced

pressure to provide 3.7 g of a brown oil. The oil was purified by column chromatography

on silica gel (eluting with 95:5 dichloromethaneiethyl acetate) to provide 2.5 g of l-[2«

(ben2yloxy)ethyl]-2-(eth^^ ^ a

15 yellow oil.

Parti

Ammonium acetate (25 g, 0.32 mol) and l-[2-(benzyloxy)ethyl]-2-(ethoxymediyl>

6-methyl^phenoxy4i/-imidazo[4,5«c]pyridine (2.5 g, 6.0 mmol) were heated at 150 °C

in a sealed tube for 22 hours. The resulting solution was adjusted topH 14 with the

20 addition of20% sodium hydroxide, and water (50 mL) was added. The mixture was

sturcd for several hours to provide a yellow precipitate, which was isolated by filtration.

Hie precipitate (1 .75 g) was recrystallized from a 50:50 mixture ofhexane:ethyi acetate

(29 mL/g), and the crystals were isolated by filtration and dried under vacuum for 23

hours at 60 °C to provide 1.05 g of l-[2-<benzyloxy)ethyl]-2-(ethoxymethyl)-6-methyl-

25 l^-imidazo[4,5^]pyridin-4-amine as small white crystals, mp. 127-128 °C.

lHNMR (300 MHz, DMSO) 8 7.24-7.31 (m, 3H), 7.15-7.19 (m, 2H), 6.61 (s, 1H), 6.05

(s, 2H), 4.67 (s, 2H), 4.44 (s, 2H), 4.35 (t, 5.6Hz, 2H), 3.73 (t, J= 5.3 Hz, 2H), 3.46 (q,

J= 6.9 Hz, 2H), 2.29 (s, 3H), 1.09 (t, 7= 7.2 Hz, 3H);

MS (APCI) mlz 341 (M + H)+;

30 Anal. Calcd for C19H24N4Q2: C, 67.04; H, 7.1 1; N, 16.46; Found: C, 67.17; H, 7.13; N,

16.49.
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Example 81

cjpyridin^amiiie

PartA

The preparation offctf-butyi 2-hydroxyethyIcarbamate is described in Example 80
PartA Benzyltrimemylarumom^^

'

hydr0Xide05 L) Were to a^tion ofterf-butyl 2-hydroxyethylcarbamate (156 4
g, 970.0 mmol) in dichloromethane (2.4 L), and the mixture was stirred rapidly Propargyl
brom.de (109 mL, 979 rumol), available as an 80% solution in toluene, was then added,
a^d me reaction was stirred forthree hours. The layers were separated, and the aqueous
layer was cooled to ~0 °C in an ice bath. Water was slowly added (1 .2 L), and the
aqueous solution was extracted with chloroform (2 x 300 mL). The combined organic
solutions were washed with water (3 x 500 mL) and brine (2 x 500 mL), dried over
sodium sulfate, filtered, and concentrated under reduced-pressure to provide 173 g oitert-
butyi 2-(prop-2-ynyloxy)ethylcaIbamate as an orange oil, which was used without
purification.

PartB

Under a nitrogen atmosphere, anhydrous triemylamine (45.5 mL, 326 mmol) and
3-bromopyridine (12.9 mL, 138 mmol) were added to a solution ofr^-butyl 2-(prop-2-
vnyloxy)ethylcarbamate (26.0 g, 125 mmol) in anhydrousDMF (400 mL), and the
reaction was heated at 80 »C. Dic^ombis^^^

(H) (1 76 g, 2 51
mmol) and copper (I) iodide (0.96 g, 5.02 mmol) were then added, and the reaction was
heated at 80 «C for one hour. Thevolatiles wereremovedunder reduced pressure, and the
residual black oil was dissolved in ethyl acetate (500 mL). The solution was washed with
dilute aqueous sodium bicarbonate (1 x 200 mL) and brine (2 x 100 mL), dried over
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sodium sulfate, filtered, and concentrated under reduced pressure to provide a dark brown

oil. The oil was purified by column chromatography on silica gel (350 g, eluting with

50:50 ethyl acetatemexane), and the resulting dark oil was dissolved in hot methanol (200

mL) and treated with 10 g of activated charcoal. The mixture was filtered through a layer

5 ofCELITE filter aid, and the filtrate was treated with additional activated charcoal (10 g)

and filtered in the same way to provide 25.4 g of tert-butyl {2-[3-(pyridin-3-yl)prop-2-

ynyloxy]ethyl}carbamate as a light amber-colored oil.

PartC

Under a nitrogen purge, 10% palladium on carbon (5.0 g) and 2-propanol (20 mL)
10 were added to a pressure vessel. A solution ofterf-butyl {2-[3-(pyridin-3-yI)prop-2-

ynyloxy]ethyl}carbamate (22.7 g, 82.1 mmol) in methanol (200 mL) were then added.

The vessel was purged three times with nitrogen and then placed under hydrogen pressure

(50 psi, 3.4 x 10
5
Pa) for five hours. The reaction mixture was filtered through a layer of

CELITE filter aid, and the filtrate was concentrated under reduced pressure to yield 2 1 .3 g
15 of /ert-butyl {2-[3^yridin-3-yl)propoxy]ethyl}carbamate as abrown oil.

PartD

A solution offert-butyl {2-[3-(pyridm-3-yl)prop-2-ynyloxy]emyl}carbamate (2L3

'

g, 76.0 mmol) in methanol (50 mL) was cooled to 6 °C. A solution of4 M hydrochloric

acid in dioxane (1 14 mL, 456 mmol) was added over a period often minutes, and the

20 reaction was stirred for six hours. The volatiles were removed under reduced pressure,

and the residue was dissolved in water (200 mL). The solution was washed with

dichloromethane (2 x 100 mL), and then adjusted to pH 14 with the addition of20%
aqueous sodium hydroxide (100 mL). The basic solution was then extracted with

chloroform (5 x 100 mL). The combined extracts were washed with brine (2 x 100 mL),

25 dried over magnesium sulfate, filtered, and concentrated under reduced pressure to provide

a dark oil (8.5 g). The basic solution was then extracted with chloroform for six hours

using a continuous extractor. The extracts were concentrated under reduced pressure to

provide a yellow oil (1 g). The oils were combined and purified by distillation (108-1 10

°C at 2.
1
x 1

0

2
Pa) to yield 7.74 g of2-[3-(pyridm-3-yl)propoxy]emylaimne as a pale

30 yellow oil.

PartE
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Under a nitrogen atmosphere, triethyiamine (6.1 mL, 44 mmol) was added to a

solution of2,4^cMoro^methyl-3-nitropyridine (7.50 g, 362 mmol), prepared as

described in PartA ofExample 1, in anhydrousDMF (160 mL). Neat 2-[3-(pyridin-3-

yl)propoxy]etoyiamine (6.60 g, 36.6 mmol) was then added, and the mixture was stirred at

room temperature for 1.5 hours. The volatiles were then removed under reduced pressure,

and the residue was dissolved in chloroform. The solution was washed with 2% aqueous

potassium bicarbonate (1 x), water (1 x), and brine (1 x), dried over sodium sulfite,

filtered, and concentrated under reduced pressure to provide an oil. The crude product

was purified by column chromatography on silica gel (600 g, ehiting with methanohethyl

acetate in various ratios) to afford an oil which was dried under reduced pressure to yield

4.9gof(2^Moro^mefcyl-3-ritropyri^^

PartF

The general method described in Part E ofExample 80 was used with the

following modifications. A solution ofphenol (1.45 g, 15.4 mmol) in diglyme (10 mL)
was added to a cooled mixture ofthe sodium hydride dispersion (0.59 g, 14.7 mmol) in

diglyme (15 mL), and the addition flask was rinsed twice with diglyme (5 mL), which was
added to the reaction. A solution of(2^oro^me%l-3-mtropyridin-4-yl)-{2-[3-

(pyridm-3-yl)propoxy]emyl}amine (4.9 g, 14 mmol) was added, and the reaction was

heated at 60 °C for 20 hours. Additional reagent prepared from phenol (0.50 g, 53 mmol)
and 60% sodium hydride (0.21 g, 5.3 mmol) in diglyme was added, and the reaction was
heated at 60 °C for 2.5 hours. The reaction was allowed to cool to room temperature and

slowly added to 800 mL ofwater and stirred for one hour to form a bright yellow solid.

The solid was isolated by filtration and washed with hexane (50 mL) to provide 7.4 g of

(6^memyl-3-mtro-2-pheno M a

25 yellow solid contaminated with water.

PartG

Under a nitrogen purge, 5% platinum on carbon (2.0 g), toluene (5 mL), and 2-

propanol (5 mL) were added to a Pan vessel. A solution of(6-methyl-3-nitro-2-

phenoxypyridin^ylM2-[3<pyri«^
(5.71 g, 14.0 mmol) in

toluene (45 mL) was then added The vessel was placed under hydrogen pressure (49 psi,

3.4 x 10
s
Pa) for three hours. An analysis by liquid chromatography/mass spectrometry

indicated the presence of starting material, and additional 5% platinum on carbon (0.1 g)

20

30
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was added. The reaction was continued for an additional 6 hours. The reaction mixture

was filtered through a layer ofCHUTE filter aid, and the filtrate was concentrated under

reduced pressure to yield 5.2 g of^methyl^-phenoxy-W
4
- {2-[3-(pyridin-3-

yl)propoxy]ethyl}pyridine-3 J4-diamine as a dark oiL

5 PartH

Under a nitrogen atmosphere,' a solution of6-methyH-phenoxy-iV
4
-{2-[3-(pyridin-

3
-yl)propoxy]ethyl}pyridine-3,4-diamine (5.2 g, 14 mmol), anhydrous dichloromethane

(40 mL), and anhydrous triethylamine (2.3 mL, 16.5 mmol) was cooled to 5 °C. A

solution of ethoxyacetyl chloride (1.77 g, 14.4 mmol) in dichloromethane (10 mL) was

10 then added over a period often minutes, and the reaction was stirred for 30 minutes. The

reaction mixture was diluted with dichloromethane (25 mL), washed with aqueous

saturated sodium bicarbonate (3 x) and brine (3 x), dried over sodium sulfate, filtered, and

concentrated under reduced pressure to provide 5.8 g of2-^thoxy-AK6-methyl-2-phenoxy-

4- {2-[3^yridm-3-yl)propdxy]e%lamm^ as an oil.

15 Parti

Under a nitrogen atmosphere, a solution of2-ethoxy-7VL(6-methyl-2-phenoxy-4-{2-

[3^>ridm«3-yl)propoxy]ethylam (3.70 g, 7.96 mmol) and

pyridine hydrochloride (3.70 g, 32.0 mmol) in anhydrous pyridine (25 mL) was heated at

140 °C for 38.5 hours and then was allowed to cool to room temperature. The volatiles

20 were removed under reduced pressure, and the residue was dissolved in dichloromethane.

The resulting solution was washed with saturated aqueous sodium bicarbonate (1 x), water

(1 x) and brine (1 x), dried over sodium sulfate, filtered, and concentrated under reduced

pressure to provide 4. 13 g of a brown oil The crude product was purified by column

chromatography on silica gel (220 g, eluting with ethyl acetate) to provide 2.72 g of2-

25 (ethoxymethyl)^-methyl^phenoxy-l^

imidazo[4,5-c]pyridine as an oil.

Part J

Ammonium acetate (27.0 g, 0.350 mol) and 2-(ethoxymethyl)-6-methyl-4-

phenoxy4-{2-[3^yridin-3-yi)propoxy]e^ (2.72 g, 6.09

30 mmol) were heated at 1 55 °C in a sealed tube for 2 1 .5 hours. The solution was allowed to

cool to room temperature and adjusted to pH 14 with the addition of 1 N sodium

hydroxide. The solution was extracted with dichloromethane (3 x). The combined
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20

25

exfcacte were washed with water (3 x) and brine (3 x), dried over sodium sulfate, filtered,
and concentrated under reduced pressure to provide 2.19 g an amber-colored oiL Tne
crude ofl was purified by column chromatography on Silicagel(200g,eluting with8911
e*^^ethanol^^
treated with a 1.0M solution ofhydrochloric acid in diethyl ether (4.64 mL), and the
resulung salt was recrystallizedW 2-propanoI. The salt was treated with aqueous
sodrumhydroxide to make the free base, which was isolated by filtration and dried for 48
hours at 80 »C to yield 0.348 gon^o^y^^.^^^
'«^(300M^DMSO) 8 8.36(d,^4.4Hz,lH),8.309(s,lH),739(d,y=75^

HZ,2H)2.31(S,3H),1.70(P,y= 7.5,6.2 Hz,2H),l,2(t,y=639H2,3H).
MS (APCI) m/z 341 (M + H)

+
;

And. Qlcd
ftO: C,62* H, 7.51; N, .8.24; Fed: C, 62.85- H,

7.6; N, 18.12.

Example 82

c]pyridin-4-amine

IfH,

f

PartA

2<3<i,3-TWaZol-2-yl)propoxy]ethylan1ine was prepared using the general
methods ofPartsA through D ofExample 81. In PartB r^-butyl2^-2-
ynyloxy)ethylcarbamate(15^g

> 0.759 mol) was coupled wim 2-bromothiazole (124 g,
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0.759 mmol) in lieu of 3-bromopyridine. After Part D, the product was purified by

distillation (113-1 15 °C at 1.7 x 10
2
Pa) to yield 43 g ofthe desired product as an oil.

PartB

Under a nitrogen atmosphere, triethylamine (3.4 mL> 24 mmol) was added

5 dropwise to a solution of2,4-dichloro-5,6-dimethy1-3-nitropyridine (4.50 g, 20.4 mmol) in

anhydrousDMF (45 mL). 2-[3^13-TMazol-2-yl)propoxy]ethylamine (4.55 g, 24.4

mmol) was thai added, and the addition funnel was rinsed with additionalDMF (15 mL),

The reaction was heated at 60 °C for 3.5 hours. .The volatiles were then removed under

reduced pressure, and the residue was partitioned between water (100 mL) and diethyl

10 ether (250 mL). The organic layer was washed with water (2 x 50 mL) and brine (3 x 50

mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure to

provide an orange oil. The crude product (7.41 g) was purified by column

chromatography on silica gel (375 g, eluting with 50:50 hexanerethyi acetate) to provide a

solid, which was dried overnight under high vacuum at room temperature to provide 4.6 g
15 of(2^Uon>-5,6-dime%l-3-mtro^

yl)propoxy]ethyl}amine as a yellow solid.

PartC

The method described in Example 80, Part E was used with the following

exceptions. A solution ofphenol (2.1 1 g, 22.4 mmol) in diglyme (5 mL) was added to the

20 sodium hydride dispersion (0.87 g, 22 mmol) in diglyme (10 mL). A solution of(2-

cMoro-5,6^etbyl-3-mtropyri^

g, 15 mmol) in diglyme (25 mL) was added, and the addition flask was rinsed with

additional diglyme (2x5 mL), which was added to the reaction flask. The resulting

amber solution was heated at 1 10 °C for 3.25 hours and then allowed to cool to room

25 temperature. The volatiles were removed under reduced pressure, and the residue was

dissolved in ethyl acetate (100 mL). The solution was washed with saturated aqueous

ammonium chloride (1 x 50 mL), 1 N potassium hydroxide (2 x 50 mL), and brine (2 x 50

mL), and then dried over magnesium sulfate, filtered, and concentrated under reduced

pressure to provide an oil. The oil was dried for three days under high vacuum at room

30 temperature to provide 4.7 g of(2,3^eth>d-5-mtn>^phenoxypyridin^yl>{2-[3^1,3.

thiazoI-2-yl)propoxy]ethyl}amine as an oil.

PartD
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Under a nitrogen purge, 5% platinum on carbon (0.5 g) and toluene (5 mL) were

added to a pressure vessel. A solution of(2,3^ethyl-5-nitro-6-phenoxvpyridin-4-yl)-

{2-t3^1,3-thiazol-2-yl)propoxy]ethYl}amine (4.7 g, 1 1 mmol) in toluene (35 mL) was

then added. The vessel was placed under hydrogen pressure (50 psi, 3.4 x 10
s
Pa) for 24

hours. The reaction mixture was filtered through a layer ofCHUTE filter aid, and the

filtrate was concentrated under reduced pressure to yield 4.12 g of5,6-dimethyl-2-

phenoxy-^{2-[3^1,3-miazol-2^
as apale

oil.

PartE

Under a nitrogen atmosphere, a solution of5,6niimethyi-2-phenoxy-7/4-{2-[3-(U-

thiazol-2-yl)propoxy]emyl}pyriume-3,4^anune (4.12 g, 10.3 mmol) and pyridine

hydrochloride (0.024 g, 0.21 mmol) in pyridine (30 mL) was cooled to 7 °C. Ethoxyaceryl

chloride (1.33 g, 10.9 mmol) was added, and the reaction was stirred for 30 minutes. The

cloudy solution was then heated at 100 °C for 20 hours and then allowed to cool to room

temperature. The volatiles were removed under reduced pressure, and the residue was

partitioned between water and dichloromethane. The organic layer was washed with

potassium carbonate (2 x 50 mL) and brine (2 x 50 mL), dried over magnesium sulfite,

filtered, and concentrated under reduced pressure. The resulting oil was triturated with

heptane to provide a solid that was isolated by filtration. 2-(Ethoxymethyl>6,7-dimethyl-

4^henoxy4-{2-[3KU-tlnW2-yl^^
(3 6g &

was obtained as a tan solid.

PartF

Ammonium acetate (37 g, 0.48 mol) and 2<ethoxymethyl)-6,7-dimethyl-4-

phenoxy-l-{2-[3^l,3-thiazol-2^
(3 68 &

7.89 mmol) were heated at 150 °C in a sealed tube for 29.5 hours. The resulting solution

was allowed to cool, and the pH was adjusted to 14 with the addition of 1 N potassium

hydroxide. The solution was stirred for one hour and was then extracted with ethyl acetate

(1 x 200 mL). The extract was washed with 1 N potassium hydroxide (3 x 50 mL) and

brine (3x50 mL), dried over magnesium sulfite, filtered, and concentrated under reduced

pressure to provide a brown solid. The solid was triturated with diethyl ether, isolated by
filtration, and purified by column chromatography on silica gel (lOOg, eluting with 96:4

dichloromethanemiethanol) to provide an oil, which was triturated with hexane to form a
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solid (0.60 g). The solid was dissolved in ethyl acetate, filtered through a 4 \an syringe

filter, and concentrated under reduced pressure to provide a solid. The solid was triturated

with hexane, isolated by filtration, and dried to provide 0.446 g of 2-(ethoxymethyi>6>
7-

dimethyl-l-{2-[3^1,3-tlriazol-2^ as a

5 white powder, mp. 91-92 °C.

lHNMR (300 MHz, DMSQ) S 7.66 (d, J= 3.7 Hz, 1H), 7.53 (d,J= 3.1 Hz, 1H), 5.77 (s,

2H), 4.69 (s, 2H), 4.53 (t, /= 5.a6 Hz, 2H), 3.70 (t,J= 5.6 Hz, 2H), 3.50 (q, 7= 7.0 Hz,

2H), 3.38 (t,/= 5.9 Hz, 2H), 2.89 (t,J= 7.5 Hz, 2H), 2.38 (s,3H),2.31 (s, 3H), 1.86 (p,J

= 7.5, 6.2 Hz, 2H) 1.13 (t, J= 6.9 Hz, 3H);

10 MS (APCI) m/z 390 (M + H)
+

;

Anal. Calcd for C19H27N5O2S: C, 58.59; H, 6.99; N, 17.98; Found: C, 58.53; H, 7.01; N,

17.88.

Example 83

15 6,7-DimethyM-{2-[3-(l,3-thi^

hydrochloride

20 yl)propoxy]ethyl}pyridine-3,4-diamine is described in Example 82, parts A through D.

Under a nitrogen atmosphere, a solution of 5,6-dimethyl-2-phenoxy-//
4
-{2-[3-(l,3-thiazol-

2-yl)propoxy]ethyl}pyridine-3,4-diamine (2.9 g, 7.3 mmol), pyridine hydrochloride (0.017

g, 0!l45 mmol), and triethylorthoformate (1.8 mL, 1 1 mmol) in toluene (75 mL) was

heated at reflux for 30 minutes. The volatiles were removed under reduced pressure, and

25 the residue was dissolved in dichloromethane. The resulting solution was washed wife

saturated aqueous sodium bicarbonate (2 x 20 mL) and brine (2 x 50 mL), dried over

PartA

The preparation of 5,6-dimethyl-2-phenoxy-iV
4
-{2-[3-(l >

3-thiazol-2-
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sodium sulfate, filtered, and concentrated under reduced pressure to provide an oil. The
oil was triturated with diethyl ether to form a solid that was isolated by filtration to

Proviae2.15gof6,7Klime^^^

imidazo[4,5-c]pryridine as an off-white powder.

PartB

Ammonium acetate (15.9 g, 0.206 mol) and 6,7^imethyl-4-phenoxy-l-{2-{3-(U.
tmazol-2-yl)p^^^^

pj9 &^^^^
at 150 "C in a sealed tube for 20 hours. The amber-colored solution was allowed to cool
to room temperature and diluted with water (10 mL). The resulting solution was adjusted
to pH 14 with the addition of20% sodium hydroxide and stirred for 30 minutes. The
solution was extracted with dichloromethaue (3 x 30 mL). The combined extracts were
washed with brine (3 x 25 mL), dried over sodium sulfite, filtered, and concentrated under
reduced pressure to provide an oil. Diethyl ether was added to the oil and subsequently
removed under reduced pressure to provide a solid, which was purified by column
chromatography on silica gel (eluting with 95:5 dichloromemanKmethanol) to provide

twoportionsofsUghUyimpureproduct. One portion (0.13 g) was treated with a 1.0M
solution ofhydrochloric acid in diethyl ether(l equivalent), and the resulting salt was
recrystallized from 2-propanol to provide 0.056 g of6,7-dimethyl-l-{2-[3-(U-thiazol-2-
yOpropoxylefoyl}-^^

as a white powder,
20 decomp.~180°C.

'HNMR (300 MHz, DMSO) 5 13.52 (m, 1H), 8.32 (s, 1H), 8.03 (s, 1H), 7.65 (d, J= 3 1

Hz, 1H), 7.54 (d, J= 3.7 Hz, 1H), 4.61 (t,7= 5.0 Hz, 2H), 3.73 (t, 5.0 Hz, 2H), 3 40 (t,

J- 5.9 Hz, 2H), 2.84 (t, /= 7.5 Hz, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.84 (p,J= 7 5 6 2
Hz^H);

25 MS(APCT)/n/z332(M + H)
+

;

Anal. Calcd for C^.NsOS.HCl.O.S H20: C, 50.99; H, 6.15; N, 18.58; Found: C 50 93-

H, 6.00; N, 18.55.

15
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Example 84

6J-DimethyM-[2-(p^

Part A

5 The general methods described in PartsA and Bin Example 80 were employed to

convert ethanol amine (40.00 g, 655 mmol) to tert-butyi (2-pyridin-4-

ylmethoxy)ethylcarbamate. In Part B, 4-(cMoromethyI)pyridine hydrochloride (1 02 g,

633 mmol) was used in lieu ofbenzyl bromide.

PartB

10 To a solution of tert-butyl (2-pyridin-4-ylmethoxy)ethylcaibamate (157 g, 622

mmol) was added a solution of25% by volume hydrochloric acid in anhydrous ethanol

(1600 mL) at 0 °C, and the reaction was allowed to warm to room temperature and stirred

overnight. The volatiles were removed under reduced pressure, and the residue was

dissolved in water (1 L). The solution was washed with dichloromethane (2 x 500 mL),

15 and then adjusted to pH 13 with the addition ofsolid potassium carbonate and 50%
aqueous sodium hydroxide. The basic solution was then extracted with chloroform (2 x

2000 mL) and overnight using a continuous extractor. The combined extracts were

concentrated under reduced pressure to a volume of2 L, washed with brine (2 x 1000

mL), dried over sodium sulfate, filtered, and concentrated under reduced pressure to

20 provide a yellow oil (83.2 g). The oil was purified by distillation (103-105 °C at 63 Pa) to

yield 47.5 g of 2-(pyridin-4-ylmethoxy)ethylamine as a colorless oiL

PartC

Under a nitrogen atmosphere, triethyiamine (7.4 mL, 53 mmol) was added to a

solution of2,4^cmoro-5,6-dimethyl-3-nitn>pyridine (9.78 g, 44.2 mmol) in anhydrous

25 DMF (200 mL). 2-(Pyridin-4-ylmethoxy)e%laxnine (6.8 g, 45 mmol) was added, and the

reaction was stirred at room temperature for 17.5 hours. The reaction solution was slowly

added to water (1.8 L) and stirred for two hours to form a precipitate, which was isolated
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by filtration and washed with cold hexane (200 mL). The solid was dried under reduced
pressure for one hour to provide 10.15 g of(2^hIoro-5^ethyi.3-nitropvridin-4-ylH2-
(pyridin-^yhnethoxyjethyljamine as a yeUow solid. An analysis by HPLC indicated that
starting material and an isomer were present as impurities.

5 PartD

Under a nitrogen atmosphere, diglyme (25 mL) was added to sodium hydride (1 81
& 45.2mmol), which is available as a 60o/o olspemionm mmeral oil, and me nnxtum was
cooled to5°C. A solution ofphenol (4.54 g, 48.2 mmol) in diglyme (50 mL) was added
dmpwise over a period of 15 minutes. The reaction became homogeneous after 15

10 minutes. A solution of(2^5,6^^.3^^+^^^
ylmemoxy)emyl]arnine (10.15 g, 30.14 mmol) was added, and the reaction was heated at
160

°C for 1
3 hours. An analysis byHPLC indicated the presence of starting material

Addrtronal phenol (3.12 g, 33.2 mmol) was added to 60% sodium hydride (1 24 g 31

1

mmol) in diglyme, and the mixture was stirred until it became homogeneous This
15 solution was added to the cooled reaction flask, and the reaction was heated at 160 "C for

9.5 hours. The reaction was allowed to cool to room temperature, and the volatiles were
removed under reduced pressure to provide a black oil. The oil was dissolved in ethyl
acetate, and the solution was washed with 1 N potassium hydroxide (3 x) and brine (3 x)
dned over magnesium sulfate, filtered, and concentrated under reduced pressure The

'

20 crude product was purified by column chromatography on silica gel (eluting with 8020
ethyl acetatemexaue) to provide 2.47 g of(2,3^emyl-5-mtro^Phenc^yridin-4-yl>
[2^yridm^yunemoxy)emyl]aniine.

PartE

The procedure described in Part F ofExample 80 was followed using (2 3-
25 dmemyi-5-mtm^^ ^

6.26 mmol) as the starting material. The reaction product, 5,6^memyi-2-phenoxy^-[2.

(pyridm+ylmemoxy)^
(,.99 g), was obtained as an amber-

colored oil.

PartF

30 under a nitrogen atmosphere, pyridine hydrochloride (0.013 g, 0.11 mmol) and
tnemylorthofonnate (1 .4 mL, 82 mmol) were added to a solution of5,6^dimethyl-2-
phenoxy-iV'-e-fryri^ ^ &^ ^
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toluene, and the reaction was heated at 84 °C for one hour. The volatiles were removed

under reduced pressure to provide a solid (2.0 g), which was purified by column

chromatography on silica gel (70 g, ehiting with ethyl acetate). The resulting solid was

dried to yield 1 .52 g of6,7^ethyl^phenoxy-l-[2^yridi^

5 imidazo[4,5H:]pyridineasawhitesohd.

PartG

Ammonium acetate (1 5 g, 0.19 mol) and 6J-dimethyl-4-phenoxy-l-[2-(pyridin-4-

ylmethoxy)ethyl]-lH-imidazo[4,5-<:]pyridine (1.52 g, 4.06 mmol) were heated at 155 °C

in a sealed tube for 23.5 hours. The solution was allowed to cool to room temperature and

10 adjusted to pH 14 with the addition of 1 N sodium hydroxide. The solution was extracted

with dichloromethane, and the combined extracts were washed with aqueous sodium

bicarbonate (1 x), water (1 x), and brine (2 x), dried over sodium sulfate, filtered, and

concentrated under reduced pressure to provide an orange solid. The solid was

recrystallized from acetonitrile and then from 2-propanol to yield 0.407 g ofa white solid,

15 which was further purified by column chromatography on silica gel (treated with

diethyiamine, eluting with 95:5 dichloromethane:methanol). The product was washed

with water, isolated by filtration, and dried to provide 0.247 g of 6,7-dimethyM-[2-

(pyridin-4-ylmethoxy)ethyl>^ as a white powder, mp

195-196 °C.

20
lHNMR (300 MHz, DMSO) 5 8.45 (d, J= 5.6 Hz, 2H), 7.93 (s, 1H), 7.14 (d,J= 6.2 Hz,

2H), 5.75 (s, 2H), 4.56 (t, /= 5.3 Hz, 2H), 4.51 (s, 2H), 3.79 (t,J= 5.3 Hz, 2H), 2.35 (s,

3H),2.30(s,3H);

MS (APCI) tn/z 298 (M + H)
+
;

AnaL Calcd for C16H19N5O: C, 64.63; H, 6.44; N, 23.55; Found: C, 64.42; H, 6.64; N,

25 23.31.
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Example 85

4-amine

I~0-c '

PartA

Under a nitrogen atmosphere, triemyianiine (65.0 mL, 475 mmol) was added to a

(76°^ ™»*e ^tion was stirred for 15 minutes. A solution of5-amino-l-

hadfonnedandwasremovedbyfiltration. Tie filtrate was concenfrated under redueed
pressure to provide an orange-red oil, which was dissolved in ethyl acetate (600 mL) The

"-^twic.femannxture
whch was isolated by filtration andwashed with cold hexanes to provide 44.6 g of5,2-^ro-S^^^yri^yi^y^^ ^ a yenow soii4
PartB

Under a nitrogen atmosphere, tetrahydrofinan (THF) (150mL) was cooled to 0 °C
20 S°*«n^de(9.30^

added wimstirring. Asolution ofphenol (2U g, 225 mmol) in THF (80 mL) was added
dropwise over aperiod ofone hour. Asolutionof5^hloro-5,6^imethyl-3-
mtopyridm-4-ylammo)pentan-^l (44.5 g, 155 mmol) in THF (80 mL) was then added
dropw^e over aperiod of40 minutes. The reaction was allowed to warm to room
temperatureandheatedatreflux

(BQM-Wtefc^,^
Additionalreagentwaspr^aredas
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THF (50 mL), and the reagent was added to the reaction solution at room temperature.

The reaction was heated at reflux overnight and then allowed to cool to room temperature.

Water (50 mL) was added, and the solvent was removed under reduced pressure. The

aqueous solution was extracted with ethyl acetate. The organic solution was washed with

5 water (3 x) and brine (1 x), dried over magnesium sulfate, filtered, and concentrated under

reduced pressure to provide the crude product The crude product was purified twice by

column chromatography on silica gel (ehiting sequentially with 50:50 hexane:ethyl acetate

and 25:75 hexanerethyl acetate) to provide 40.24 g of 5-(2
5
3-dimethyl-5-nitro^-phenoxy-

pyridin-4-yiamino)pentan- 1 -ol as a yellow oil.

10 PartC

Under a nitrogen atmosphere, a solution of 5-(2,3-dimethyl-5-nitro-6-phenoxy-

pyridin-4-ylamino)pentan-1 -ol (40.24 g, 1 14.6 mmol) in dichlorornethane (350 mL) was

cooled to 0 °C. Thionyl chloride (12.5 mL, 172 mmol) was added dropwise, and the

reaction was heated at reflux for one hour. The reaction was cooled to 0 °C, and water

1 5 (200 mL) was slowly added followed by solid sodium bicarbonate until the pH ofthe

solution was basic. The solvent was partially removed under reduced pressure, and the

aqueous solution was extracted with ethyl acetate (500 mL). The combined organic

solutions washed with saturated aqueous sodium bicarbonate (3 x 50 mL), water (1 x 50

mL), and brine (2 x 20 mL), and then dried over magnesium sulfate, filtered, and

20 concentrated under reduced pressure to afford a yellow oil, which crystallized overnight

The solid was dried for one hour in a vacuum oven at 70 °C to provide 40.1 g of (5-

cMoropentyl)-(2,3-<iimethyl-5-nta^ as a yellow solid.

PartD

A solution of sodium dithionite (90.5 g, 520 mmol), available as approximately

25 85% pure sodium hydrosulfite, in water (200 mL) was added to a solution of (5-

cUoropentylH2,3-dimethyl-5-nitro^ (37.8 g, 104 mmol) in

ethanol (575 mL), and the mixture was stirred rapidly for five hours. The mixture did not

become homogeneous, and additional ethanol (200 mL) was added. The mixture

remained heterogeneous and was separated into two batches. A solution ofsodium

30 dithionite (40 g, 230 mmol) in water (150 mL) was partitioned evenly between the two

batches, and the reactions were stirred for an additional hour. An analysis by TLC

indicated that the reactions were complete. A white solid was removed from the reaction
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mixtures by filtration and was washed with methanol The solvents were removed under

reduced pressure, and the residue was partitioned between dichloromethane (400 mL) and

water (100 mL). Saturated aqueous sodium bicarbonate was added to the aqueous layer

until it was basic, and the resulting solution was extracted with dichloromethane (2 x 100

5 mL). The combined organic extracts were washed with brine, dried over magnesium

sulfate, filtered, and concentrated under reduced pressure to provide 34.7 g of

cMoropentyl)-5,6-dime%^ asm orange-red liquid.

PartE

Under a nitrogen atmosphere, pyridine hydrochloride (4.2 g, 36.4 mmol) was

10 added in small amounts to a solution ofiV
4
-(5-chloropentyl>5,6-dimethyl-2-

phenoxypyridine-3,4-diamine (32.4 g, 97.0 mmol) in toluene (500 mL).

Trimethylorthobutyrate (17 mL, 107 mmol) was then added, and the reaction was heated

at reflux for two hours. The solvent was removed under reduced pressure, and the residue

was dissolved in ethyl acetate (500 mL). The solution was washed with water (3 x 80 mL)
15 and brine (1 x 40 mL), dried over magnesium sulfate, filtered, and concentrated under

reduced pressure to afford an oil, which was dissolved in hexanes (20 mL) and

concentrated under reduced pressure to provide an off-white solid. The crude solid was

purified by column chromatography on silica gel (eluting with 2:1 hexaneiethyi acetate) to

provide 30.8 g of H5^hloropentyl)-6,7-dm^

20 cjpyridine as white crystals.

PartF

Under a nitrogen atmosphere, a solution of4-chlorobenzenethiol (868 mg, 6.00

mmol) inDMF (5 mL) was added to a mixture ofsodium hydride (60% dispersion, 240

mg, 6.00 mmol) inDMF (15 mL); the reaction became homogeneous and was stirred for

25 15 minutes. SoMl-(5-<Moropenty^

^pyridine (1.93 g, 5.00 mmol) was added in small amounts, and the reaction was stirred

for 1.5 hours. Water (25 mL) was added, and the resulting solution was extracted with

ethyl acetate (3 x 50 mL). The combined extracts were washed with water (5 x 30 mL)

and brine (2x10 mL), dried over magnesium sulfate, filtered, and concentrated under

30 reduced pressure to provide a colorless oil, which crystallized overnight The solid was

dried for three hours under high vacuum to provide 2.58 g of l-[5-(4-
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cMorophenylsulfan^

c]pyridine as a white solid.

PartG

Under a nitrogen atmosphere, a solution of l-[5-<4-chlorophenylsul£anyl)pentyl]-

5 6,7^iimethyl^phenoxy-2-propyM^ (2.47 g, 5.00 mmol) in

chloroform (25 mL) was cooled to 0 °C. mCPBA (2.47 g, 1 1 mmol) was added in one

portion, and the cloudy reaction was stirred for 30 minutes at room temperature. The

volatiles were removed under reduced pressure, and the residue was partitioned between

ethyl acetate (300 mL) and saturated aqueous sodium bicarbonate (75 mL). The organic

10 layer was washed with saturated aqueous sodium bicarbonate (5 x 30 mL), water (2 x 30

mL), and brine (2x10 mL), and then dried over magnesium sulfate, filtered, and

concentrated under reduced pressure to provide a solid. The product was triturated with

ethyl acetate, isolated by filtration, and dried under high vacuum to provide 2.31 g of l-[5-

(4^Morobenzenesulfonyl)pentyl^

1 5 c]pyridine as a white powder.

PartH

Ammonium acetate (20.2 g, 0.262 mol) and l-[5-(4-

cMorobenzenesulfonyl)pentyl]-6,^

c]pyridine (2.20 g, 4.18 mmol) were stirred at 160 °C in a sealed tube for 18 hours. The

20 solution was allowed to cool to room temperature and partitioned between chloroform (50

mL) and water (25 mL). The aqueous solution was adjusted to pH 1 1 with the addition of

1 M sodium hydroxide and two solid sodium hydroxide pellets. The aqueous solution was

then extracted with chloroform (4 x 50 mL). The combined organic solutions were

washed with 1 M sodium hydroxide (2 x 25 mL), dried over sodium sulfate, filtered, and

25 concentrated under reduced pressure to provide the crude product as a tan foam. The

crude product was purified by column chromatography on silica gel (eluting with 94:5:1

dichloromethane:methanol:triethylamine) to provide a product that was impure as

determined byHPLC analysis. A second purification by column chromatography on silica

gel (eluting with 96:3:1 dichloromethane:methanol:triethylamine) also resulted in impure

30 material. The solid was recrystallized from acetonitrile, and the crystals were isolated by

filtration, washed with cold acetonitrile and ethyl acetate, dried under high vacuum to
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provide 0.53 g of HS-^Morobeiizenesulfon^^

iimda2o[4,5<]pyridiit4-aniine as white needles, mp 147.0-l49;o °C.

'HNMR (300MHz, CDC1,) 8 7.83 (d,/= 8.6, 2H), 7.55 (d,J= 8.6, 2H), 4.82 (br s, 2H),

4.17 (dd, 7.7, 7.7, 2H), 3.07 (dd,7= 7.8,7.8, 2H), 2.72 (dd, 7= 7.7, 7.7, 2H), 2.43 (s,

3H), 2.39 (s, 3H), 1.95-1.65 (m, 6H), 1.55-1.42 (m, 2H), 1.05 (t, /= 7.4, 3H);
MS (APCT) mk 449 (M)

+
;

Anal. Calcd for CaH^ClN^S: C, 58.85; H, 6.51; N, 12.48; Found: C, 58.79- H, 6 50-

N, 12.29.

10
Examples 86-88

The general methods described in Example 85 were used for Examples 86-88. The
thiol selected in lieu of4-cMombenzenetbiol in Part F ofExample 85 is shown in the table

below for Examples 86-88. The isolation ofthe final products is described below.

|SIH
2

N'

Example Number Thiol R
86 4-trifluoromethylihiophenol

-0-cf»

87 2-mercaptopyridine

88 thiophenol

-o
15

203



WO 03/103584 PCT/US03/17659

Example 86

6,7-Dimethyl-2-propyl- 1 - {5 -[4-(trifluoromethyl)ben2^esulfonyi]pentyl}-IH-

imidazo[4,5-c]pyridin-4-amine

Ammonium acetate (6.25 g, 81.1 mmol) and 6,7-dimethyl^phenoxy-2-propyl-l-

5 {5-[4^tri£hioromethyl)beDzenesulfonyl]pentyl} -l#-imidazo[4,5^]pyridine (0.70 g, 1.25

mmol) were used as described in Part H ofExample 85. The reaction solution was

partitioned between chloroform (75 mL) and 1 M sodium hydroxide (75 mL). The

aqueous solution was extracted with chloroform (2 x 75 mL). The combined organic

solutions were washed with 1 M sodium hydroxide (4 x 30 mL) and brine, dried, filtered,

10 and concentrated as described in Example 85. The crude product was purified by column

chromatography on silica gel (eluting sequentially with 99:1 :0.1

dichloromethanermethanol :ammonium hydroxide and 94:6:0.1

dichloromethane:methanol:ammonium hydroxide) to provide a product that was impure as

determined by nuclear magnetic resonance (NMR) spectroscopy analysis. The solid was

1 5 dissolved in hot 2-propanol and treated with one equivalent ofa 1 M solution of

hydrochloric acid in diethyl ether. Chloroform and water were added, and the aqueous

layer was extracted with chloroform (3 x). The combined organic solutions were dried

over sodium sulfate, filtered, and concentrated under reduced pressure to provide a solid.

The solid was stirred with 2-propanol, isolated by filtration, washed with cold 2-propanol,

20 and dried under high vacuum. The solid was then dissolved in dichloromethane (100 mL),

and the resulting solution was washed with 1 M sodium hydroxide (2 x 40 mL). The basic

solution was extracted with dichloromethane (2 x 30 mL), and the combined extracts were

dried over sodium sulfate, filtered, and concentrated under reduced pressure to provide

198 mg of6,7-dimethyl-2-propyl- 1 - {5-[4-(trifluoromethyl)benzenesulfonyl]pentyl}-\H-

25 imidazo[4,5-c]pyridin-4-amine as a white powder, mp 172.0-173.5 °C.

!HNMR (300 MHz, CDC13) 5 8.04 (d, J= 8.6, 2H), 7.85 (d, J= 8.6, 2H), 4.82 (br s, 2H),

4.18 (dd, 7.7, 7.7, 2H), 3.10 (dd, /= 7.8, 7.8, 2H), 2.73 (dd J» 7.7, 7.7, 2H), 2.43 (s,

3H), 2.39 (s, 3H), 1.96-1.65 (m, 6H), 1.58-1.43 (m, 2H), 1.05 (t, 7= 7.4, 3H);

MS (APCI) m/z 483 (M+H)
+

;

30 Anal. Calcd for C23H29F3N4O2S: C, 57.25; H, 6.06; N, 11.61; Found: C, 56.75; H, 6.20;

N, 11.25.
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Example 87

6,7-Dimemyl-2-propyl-l-[5-(pyridme-2-sulfon^^

amine

The crude product (2.47 g), obtained after the oxidation procedure as described in

5 Part G ofExample 85, was purified by column chromatography on silica gel (eluting

sequentially with 2:1 ethyl acetateJiexane and 4:1 ethyl acetateiexane to provide 1.86 g
of6,7-dimemyl^phenoxy-2-propyi-l-[5^

cjpyridine as a white solid.

Ammonium acetate (15 g, 0.20 mol) and 6,7-dimemyl-4-phenoxy-2-propyl-l-[5-

10 (pyridme-2-sulfonyl)pentyl]-l#^^ (1.54 g, 3.13 mmol) were heated

at 160 °C in a sealed tube for 16 hours. The solution was allowed to cool to room

temperature and partitioned between chloroform (30 mL) and 1 M sodium hydroxide (30

mL). The aqueous solution was then extracted with chloroform (3 x 30 mL). The

combined organic solutions were washed, dried, filtered, and concentrated as described in

15 Example 85 to provide 1.47 g ofan off-white foam. The crude product was recrystallized

from acetonitrile to provide 672mg of 6,7-dimemyl-2-propyl-l-[5-(pyri<nne-2^

sulfonyl)pentyi]-l/Aimidazo[4
>5-c]pyridin-4-amine as a white powder, mp 143.0-144.5

°C.

lHNMR (300 MHz, CDC13) 5 8.74 (ddd,/= 4.6, 1.7, 1.1, 1H), 8.08 (ddd, J= 7.8, 1.1,

20 1.1, 1H), 7.98 (ddd, J= 7.8, 7.5, 1.7, 1H), 7.55 (ddd, /= 7.5, 4.6, 1.1, 1H), 4.80 (br s, 2H),

4.18 (dd, J= 7.7, 7.7, 2H), 3.40 (dd,7= 7.7, 7.7, 2H), 2.73 (dd, /= 7.7, 7.7, 2H), 2.43 (s,

3H), 2.40 (s, 3H), 1.95-1.68 (m, 6H), 1.60-1.48 (m, 2H), 1.05 (t, /= 7.4, 3H);

MS (APCI) m/z 416 (M+H)
+

;

Anal. Calcd for C^H^NsOzS: C, 60.70; H, 7.03; N, 16.85; Found: C, 60.54; H, 6.97; N,

25 16.76.

Example 88

l-[5-(Benzenesulfonyi)penty^

Ammonium acetate (18 g, 0.23 mol) and l-[5-(benzenesulfonyl)pentyI]-6,7-

30 dime%l-4-phenoxy-2-propyl-l^^ (I.74 & 3.54 mmol) were heated

at 165 °C in a sealed tube for 8 hours with stirring. Following the work-up, an analysis by

NMR indicated that starting material was present; additional ammonium acetate was
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added (18 g, 0.23 mol), and the reaction was continued overnight at 160 °C. The solution

was allowed to cool to room temperature and partitioned between chloroform (100 mL)

and 1 M sodium hydroxide (75 mL). Following the work-up, the crude product (1 .37 g)

was purified by column chromatography on silica gel (eluting with 97:3:0.1

dichloromethane:methanol:ammonium hydroxide) and then recrystallized from

acetonitrile to provide 0.715 gof l-[5^enzenesulfonyl)p€atyl]^J-dimethyl--2-propyl-

lif-imidazo[4,5-c]pyridin^amine as a white powder, mp 134.0-136.0 °C with a phase

change at 122-125 °C.

'HNMR (300 MHz, CDCfe) 5 7.89 (d, J= 7.7, 2H), 7.67 (t, J= 7.7, 1H), 7.57 (t, /= 7.7,

2H), 4.80 (br s, 2H), 4.16 (dd,/= 7.8, 7.8, 2H), 3.08 (dd, J= 7.7, 7.7, 2H), 2.72 (dd, /=

7.7, 7.7, 2H), 2.43 (s, 3H), 2.39 (s, 3H), 1.91-1.65 (m, 6H), 1.53-1.41 (m, 2H), 1.05 (t, J-

7.3, 3H); MS (APCI) m/z 415 (M+H)
+

;

Anal. Calcd for C22H30N4O2S: C, 63.74; H, 7.29; N, 13.51; Found: C, 63.77; H, 7.57; N,

13.55.
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Example 89

H^eflmesulfonyl^

PartA

Triemylamine (18.9 g, 136 mmol) was added to a solution of2,4-dichloro-5,6-

dimethyl-3-nitropyridine (25 g, 113 mmol) mivy^dimetoylformamide (100 mL). 4-

Aminobutan-l-ol(ll.l g, 124. mmol) was added with a syringe and the reaction mixture

was allowed to stir under a nitrogen atmosphere at ambient temperature for 17 hours. A
portion (85 mL) ofthe solvent was removed under reduced pressure. The residue was
diluted with ethyl acetate (200 mL), washed with water (2 x 50 mL) then with brine (75

mL), dried over magnesium sulfate, filtered and then concentrated under reduced pressure

to provide a solid. This material was recrystallized from ethyl acetate/hexanes to provide

15.07 g of4-[(2^Moro-5,6^emyl-3-mt^ ^ yelIow

powder. An additional 5.70 g was isolated from the mother liquor.

PartB

Sodium hydride (4.38 g of60% dispersion in mineral oil, 109.6 mmol) was added

to chilled dioxane (73 mL). Phenol (10.31 g, 109.6 mmol) was added in portions with

cooling.

4-[(2-CMoro-5,6^dimemyl-3-m^
(20.oo g, 93.07 mmol)

and additional dioxane (-30 mL) were added. The reaction mixture was heated at reflux

for 3 hours and then allowed to stand at ambient temperature overnight The reaction

mixture was concentrated under reduced pressure. The residue was diluted with water

(200 mL) and then extracted with ethyl acetate (300 mL). The extract was washed with

water (2 x 100 mL) then with brine, dried over magnesium sulfate, filtered and then

concentrated under reduced pressure to provide an oil. The oil was purified by flash
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chromatography (600 mL of silica gel, etuting initially with 2000 mL 1 :3 ethyl

acetateihexanes, then with 2000mL 1 :1 ethyl acetate:hexanes and finally with 1000 mL

3:1 ethyl acetate: hexanes) to provide 13.46 g of4-[(2,3-dimethyl-5-nitro-6-

phenoxypyridin-4-yl)amino]butan- 1-ol as a yellow solid.

PartC

Thionyl chloride (3.14 mL, 43 mmol) was added over a period of 5 minutes to a

chilled (0 °C) solution of4-[(2,3-dimethyl-5-nitro^phenoxypyri

ol (12.95 g, 39.08 mmol) in dichloromethane (130 mL). The reaction was allowed to

warm to ambient temperature and was stirred overnight under a nitrogen atmosphere. The

reaction mixture was diluted with dichloromethane (130 mL), washed sequentially with

saturated aqueous sodium bicarbonate (2 x 65 mL), water (80 mL) and brine (100 mL),

dried over magnesium sulfate, filtered and men concentrated under reduced pressure to

provide 12.57 g ofiV^4^Morobutyl>2,3-dime%^ as a

yellow solid

PartD

A solution ofsodium dithionite (35.13 g, 171.5 mmol), available as approximately

85% pure sodium hydrosulfite, in water (130 mL) was added to a mixture ofN-(4-

cMorobutyi)-2,3-<limethyl-5-mt^ (12 g, 34 mmol) and ethanol

(340 mL). The mixture was stirred for 1 .5 hours. Analysis by thin layer chromatography

indicated that the reaction was not complete. Solid sodium dithionite (5 g) was added and

the reaction was allowed to stir for an additional 3 hours. The reaction mixture was

filtered to remove solids. The filtrate was concentrated under reduced pressure until -50

mL of solvent remained The residue was diluted with dichloromethane (300 mL), washed

sequentially with aqueous sodium bicarbonate, water and brine, dried over magnesium

sulfate, filtered and then concentrated under reduced pressure to provide 9.5 g of^-(4-

cUorobutyl)-5,6-dimeth^2~phenoxypyridine-3,4^amine as a brown oil.

PartE

The oil from PartD was combined with toluene (90 mL), trimethyl orthobutyrate

(6.04 mL, 148 mmol), and pyridine hydrochloride (0.9 g). The reaction mixture was

heated at reflux for 30 minutes; trimethyl orthobutyrate (1 mL) was added and the reaction

mixture was heated at reflux for 1 .5 hr and then allowed to cool to ambient temperature.

The reaction mixture was diluted with ethyl acetate, washed sequentially with water and
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brine, dried over magnesium sulfete, filtered and then concentrated under reduced

pressure. The residue was purified by flash chromatography (silica gel eluting with 1 :4 to

1:1 ethyl acetate:hexanes) to provide 5.44 g of H4<WorobutylK7-<iimethyl-4-phenoxy-

2-propyl-l/T-imidaz»[4,5^]pyridine.

5 PartF

Sodium thiomethoxide (0.927 g, 13.2 mmol) was added to a solution of l-(4-

cMorobutylW^emyl^phenoxy^
& n 0

mmol) in W.AWmethylformamide (30 mL). The reaction mixture was stirred under a

nitrogen atmosphere at ambient temperature for 75 minutes. Sodium thiomethoxide (0.08

10 g) was added and the reaction was stirred for an additional 105 minutes. The reaction

mixture was diluted with ethyl acetate (300 mL), washed sequentially with water (3 x 50
mL) and brine (50 mL), dried over magnesium sulfate, filtered and then concentrated

under reduced pressure to provide 4.53 g of6,7^emyl-l-[4^methanethio)butyl]-4-

phenoxy-2-propyl-li/-iniidazo[4,5^]pyridine as a brown oil that solidified after a few
15 hours.

PartG

3-Chloroperoxybenzoic acid (2.72 g of77%) was added to a chilled (0 °C) solution

ofthe material from Part F in dichloromethane (55 mL). A short time later more 3-

chloroperoxybenzoic acid (2.72 g of77%) was added and the reaction mixture was stirred

at 0 °C for 30 minutes. The reaction mixture was diluted with dichloromethane (250 mL),

washed sequentially with aqueous sodium bicarbonate (2 X 100 mL), water (100 mL) and

brine (100 mL), dried over magnesium sulfete, filtered and then concentrated under

reduced pressure to provide a pink oil. The oil was dissolved in dichloromethane, diluted

with ethyl acetate and hexanes, and then concentrated under reduced pressure until a

precipitate formed. The precipitate was isolated by filtration, washed with 1:1 ethyl

acetate: hexanes (40 mL), and dried under high vacuum to provide 3.84 g of l-[4-

(memanesulfonyl)Duty^^^

a white solid.

PartH

Ammonium acetate (4524 g) and l-[4-(methanesuJfonyl)butyl]^,7-dimethyl-4-

phenoxy^-propyl-l/f-iimdazot^S^pyridine (3.77 g, 9.07 mmol) were combined and

heated at 160 °C for about 19 hours. The reaction mixture was allowed to stand at ambient

20

25

30
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temperature for 2 days. The reaction mixture was partitioned between dichloromethane

(300 mL) and water. The layers were separated. The aqueous layer was made basic with

5% sodium hydroxide and then extracted with dichloromethane (2 x 100 mL). The

combined organics were washed with aqueous 5% sodium hydroxide, dried over sodium

5 sulfate, filtered and then concentrated under reduced pressure to provide a white solid

This material was recrystallized from acetonitrile to provide ~2 g of a white solid. This

material was further purified by flash chromatography (silica gel, eluting sequentially with

1 % methanol in dichloromethane containing .0.1 % ammonium hydroxide, 2 % methanol

in dichloromethane containing 0.1 % ammonium hydroxide, 4% methanol in

10 dichloromethane containing 0.1 % ammonium hydroxide and 10 % methanol in

dichloromethane containing 0.1 % ammonium hydroxide) to provide a white solid This

material was recrystallized from acetonitrile and dried under high vacuum at 60 °C to

provide 1.3 gof l-[4^methanesulfonyi)b^

c]pyridin-4-amine as white needles, mp 152.0-153.0 °C.

15
lHNMR (300 MHz, CDC13) 8 4.82 (br s, 2H), 4.25 (m, 2H), 3.03 (t, J= 6.9 Hz, 2H), 2.92

(s, 3H), 2.76 (m, 2H), 2.44 (s, 3H), 2.43 (s, 3H), 2.00-1.81 (m, 6H), 1.07 (t, J= 7.5 Hz,

3H);
l3CNMR(75 MHz, CDCI3) 8 153.0, 148.2, 146.5, 138.8, 125.2, 103.9, 53.7, 43.8,

40.8, 30.4, 29.3, 21.9, 21.2, 19.1, 13.9, 12.9;

MS (APCI) m/z 339 (M + H)
+

;

20 AnaL Calcd for Q6H26O2N4S: C, 56.77; H, 7.74; N, 16.56; S, 9.47. Found: C, 56.46; H,

7.67; N, 16.36; S, 9.29.
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Example 90

H3^Me1hmesulfonyl)propyl]^^

PartA

Using the general method ofExample 89 Part A, 3-ammopropan-l-ol (9.52 mL,

124 mmol) was reacted with 2
)4^chloro-5,6^methyl-3-nitropyridine (25 g, 113 mmol)

to provide 17. 35 g of34(2^moro-5,6^eth^-3-nitropyridm^yl)ammo]propan-l-ol as

10 a yellow solid

PartB

Sodium hydride (7.80 g ofa 60% dispersion in mineral oil, 195 mmol) was added

in portions to a chilled (0 °C) solution ofphenol (1836 g, 195 mmol) in tetrahydrofuran

(200 mL). After the addition was completed the reaction mixture was allowed to stir at

15 ambient temperature for 30 minutes. Sohd3-[(2^Moro-5,6HmnemyW-nitropyridin-4-

yl)amino]propan-l-ol (16.89 g, 65.0 mmol) was added and the reaction mixture was

heated at reflux for 5 days. The reaction mixture was concentrated under reduced

pressure. The residue was partitioned between ethyl acetate (400 mL) and water (100

mL). The organic layer was separated, washed with brine, dried over sodium sulfate,

20 filtered and then concentrated under reduced pressure. The residue was purified by flash

chromatography (500 mL silica gel eluting with a gradient of30- 75% ethyl acetate in

hexanes) and then heated under high vacuum until it melted. The melt solidified to

provide 11.54 g of3-[(2,3Kfcmemyi-5-nitro-6i>henox^

PartC

25 Thionyl chloride (2.86 mL, 39.2 mmol) was added to a chilled (0 °C) solution of3-

[(2,3-climethvl-5-mfro^-phenox^ & 35 6 m
dichloromethane (170 mL). The reaction mixture was stirred at ambient temperature for

0.5 hr and then heated at reflux for 0.5 hr. The reaction mixture was allowed to cool to

ambient temperature. A precipitate was isolated by filtration and then dried under vacuum
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to provide 13.64 g ofNK3^Moropropyl)-2,3-dimet^

hydrochloride.

PartD

N^3^hloropropyl)-2,3-dimethyl-5-iiito hydrochloride

(12.62 g, 33.72 mmol), l,r-di-n^tyM,4M)ipyridinium dibromide (dioctyl viologen) (910

mg, 1.69 mmol), dichloromethane (227 mL), water (28 mL) and potassium caibonate

(2.33 g, 16.9 mmol) were added sequentially to a 1 L round bottom flask. The reaction

mixture was allowed to stir under nitrogen. A solution ofofpotassium carbonate (23.30 g,

168.6 mmol) and sodium dithionite (26.42 g, 174.1 mmol) in water (114 mL) was added to

the reaction mixture. The reaction mixture was heated at reflux for about 2.5 hr and then

allowed to cool to ambient temperature. The layers were separated. The aqueous layer

was extracted with dichloromethane (100 mL). The combined organics were dried over

sodium sulfate, filtered and then concentrated under reduced pressure to provide A^-(3-

cMoropropyl)-5,6-dimethyl-2-ph^ as a brown sludge. This

material was used directly in the next step.

PartE

Using the general method ofExample 89 Part E, the material from PartD was

reacted with trimethyl orthobutyrate (6.48 mL, 40.5 mmol) and purified to provide 9.10 g

of 1-(3^Uoropropyl)-6,7-dimethyl^phenoxy-2-pro^ as a

white solid

PartF

Using the general method ofExample 89 Part F, l-(3-chloropropyl)-6,7-dimethyl-

4-phenoxy-2-propyl-l/f-imidazo[4,5-c]pyridine (4 g, 11.2 mmol)) was reacted with

sodium thiomethoxide (0.940 g, 13.4 mmol) to provide 3.54 g of6,7-dimethyl-l-[3-

(methanethio)pn>pyl]^phenoxy-2-propyl-ljFf-imidazo[4,5-c]pyri as a white solid.

PartG

Using the general method ofExample 89 Part G, 6,7-dimethyl-l-[3-

(methylthio)pn>pyl]^phenoxy-2-pro^ (3.41 g, 923 mmol)

was oxidized to provide 2.39 g of l-[3^methanesulfonyl)propyl]^,7-<iimethyl-4-phenoxy-

2-propyi-l/f-imidazo[4,5-c]pyridine as a white solid.

PartH
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Using the general method ofExample 89 Part H, l-[3^methanesulfonyl)propyl]-

6>7-dimemyl-4-phenoxy-2-^^
(21 ft 5 23 ^

reacted with ammonium acetate (25 g) and purified to provide 1.14 g of l-[3-

(*ethanesulfon^^^

5 white needles, mp 153.5-155.0 »C.
1

HNMR(300MHz,CDCl3)84.83 (br s, 2H), 4.48-

4.42 (m, 2H), 3.07 (t,J- 7.1 Hz, 2H), 2.95 (s, 3H), 2.82-2.77 (m, 2H), 2.45 (s, 6H), 2.35-

2.25 (m,2H), 1.94-1.81 (m,2H), 1.07 (t, 7=7.3 Hz, 3H);
l3C NMR (75 MHz, CDC13) 8

153J, 148.3, 147.1, 138.9, 125.4, 104.0, 51.2, 42.9, 41.3, 29.5, 24.3, 22.1, 21.5, 14.0,

13.1;

10 MS (APCI) m/z 325 (M + H)+
;

Anal. Calcd forC.^O^S: C, 55.53; H, 7.46; N, 17.27; S, 9.87. Found: C, 55.53; H,
7.44; N, 17.27; S, 9.90.

Example 91

15 l-[^(Methanesulfonyl)hexyl]-6,7-dimemyl-2-propyl-^

PartA

Using the general method ofExample 89 Part A, 6-aminohexan-l-ol (15.91 g,

135.7 mmol) was reacted with 2,4^cMoro-5,6^emyl-3-mtropyri(line (30 g, 136 mmol)
to provide 14.79 g ofo^-cmoro-S.e-dimefoyW-m^^ ^ a
yellow solid.

PartB

Using the general method ofExample 90 Part B, 6-t(2-cMoro-5,6-dimetfayl-3-

nitopyridm-^yljaniinojhexan-l-ol (14.00 g, 46.39 mmol) was reacted with sodium
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phenoxide to provide 12.40 g of 6-[(23-dimethyl-5-mtro^phenoxypyridin-4-

yl)amino]hexan-l-ol as a yellow powder.

PartC

Using the general method ofExample 89 Part C, 6-[(2,3-dimethyl-5-mtro-6-

5 phenoxypyridin^-yl)amino]hexan-l-ol (11.97 g, 33.30 mmol) was chlorinated to provide

12.24 g ofJVK6^hlon>hexyi)-2,3-d^ M a yellow

solid.

PartD

A solution of sodium dithionite (24.01 g, 137.9 mmol) in water (90 mL) was added

10 to a mixture ofAH6^hlorohexyl)-23^iimeto^ (10.42

g, 27.58 mmol) and ethanol (276 mL). After about 4 hours sodium dithionite (6.71 g) in

water (20 mL) was added to the reaction mixture. About 1 hour later tetrahydrofiiran (100

mL) was added. When analysis by thin Layer chromatography indicated that the reaction

was complete, the reaction mixture was filtered to remove solids. The solids were rinsed

15 with ethanol. The rinses and the filtrate were concentrated under reduced pressure. The

residue was diluted with toluene (200 mL) and then concentrated under reduced pressure

to remove the bulk ofthe solvent. The residue was partitioned between ethyl acetate (200

mL) and water (50 mL). The aqueous layer was separated, combined with saturated

aqueous sodium bicarbonate to adjust to pH 8 and then extracted with ethyl acetate. The

20 combined organics were washed with brine (100 mL), dried over sodium sulfate, filtered

and then concentrated under reduced pressure. The residue was combined with toluene

and then concentrated under reduced pressure to provide 12.12 g of^-(e-chlorohexyl)-

5,6-dimethyl-2-phenoxypyridke-3,4Hiiamine.

PartE

25 Using the general method ofExample 89 Part B, the material from PartD was

reacted with trimethyl orthobutyrate (4.86 mL, 30.3 mmol) and purified to provide 2.4 g of

H6^Morohexyl}^,7-<iimethyl^ph as an off-

white solid.

PartF

30 Using the general method ofExample 89 Part F, l-(6^hlorohexyl)-6,7-dimethyl-4-

phenoxy-2-propyl-li/-imidazb[4,5-c]pyridine (2.0 g, 5.0 mmol) was reacted with sodium
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thiomethoxide (0.421 g, 6.00 mmol) to provide 2.17 g of6,7-dimethyl-l-[6-

(methanetmo)hexyl]-4-phenoxy-2-propy^ as a yellow oil

PartG

Using the general method ofExample 89 Part G, the material form Part F was

oxidized to provide- 1 g of l-[6-(methmesulfrayl)he^

propyMff-iimda2»[4,5-c}pyridme as a colorless oiL

PartH

Using the general method ofExample 89 Part H, the material form PartH was

reacted with ammonium acetate (12.36 g) and purified to provide 0.37 g of l-[6-

(methanesulfonyl)hexyl]-6,7^etoyl-2-piopyl-l#-imidazo[4^ as off

white crystals, mp 157.0-158.0 °C.

!HNMR (300 MHz, CDC13) 5 4.81 (br s, 2H), 4.18 (m, 2H), 2.99 (m, 2H), 2.89 (s, 3H),

2.76 (m, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.93-1.71 (m, 6H), 1.57-1.40 (m, 4H), 1.07 (t,J=
7.5 Hz, 3H);

,3CNMR (75 MHz, CDClj) 8 153.3, 148.1, 146.6, 139.1, 125.4, 104.2, 54.4,

44.5, 40.6, 31.6, 29.5, 28.1, 26.1, 22.1, 21.4, 14.0, 13.0;

MS (APCI) m/z 367 (M + H)+;

Anal. Calcd for CsHaoOz^S: C, 58.98; H, 8.25; N, 15J29; S, 8.75. Found: C, 58.85; H,

8.55; N, 15.34; S, 8.75.
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Example 92

4-amine

5 Part A.

The preparation of5^2-cWoro-5,6^emyl-3-m^^

was described in PartA ofExample 85. Under a nitrogen atmosphere, cerium (ffl)

added to a solution**^l»-VWta*^^

10 (12 4S & 43.38nnnol)m a 9:lmixtoeoface,om^eandwate
r (145mL). Thereacfion

was stined and heated at reflux for two days then allowed to cool to room temperature. A

precipitate was removed by filtration and washed with acetonitrile. Thefiltratewas

^ncenti^und^reducedp^

mtrotetrazolotl.S-a^^
as ayellow solid.

15 PartB^B

Using the general method described in Part C ofExample 85, 5-[(5,6^nethyl-8-

nitn^lo^^
13.3 gof(5^oropentyl>5,6-te^^

was isolated as a dark brown semi-solid.

20 PartC

Under a nitrogen atmosphere, a solution ofpotassium carbonate (28.46 g,
205.9

^ol) and sodium dithionite (32.26 g, 185.3 mmol) in water (100 mL) was added

(1 n g 206mmol)mmcmoromethane(275mL)andwater(35mL).
The addiuon funnel

25 ^iLi^'t^^W^^™^*^ 1*^ ThereaCtl0n

was heated at reflux for three hours. The aqueous layer was extracted with

dicWommethane^^
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sulfate, filtered, and concentrated under reduced pressure to provide 1 1 .5 g of^-{5-

cMoropentyl)-5,6^nmethyI-^^
as a brown

PartD

The general method described in PartE ofExample 85 was used to convertW7
-(5-

5 cMoropentyl)-5,6^e&yl-teu^
(11.5 g, 40.7 mmol) to 7-

(5^Moropentyl)-5,6<iime%l-8-^^^^
The

crude product was purified by column chromatography on silica gel (eluting sequentially

with 3:1 ethyl acetate:hexane and ethyl acetate) to yield a yellow solid, which was

recrystallized from ethyl acetate:hexane to provide 9.2 g ofthe product as a white solid.

10 PartE

The general method described in Parts F andG ofExample 85 was used to convert

7^Woropentyl>5,6^emyt-8-p^^

g, 5.0 mmol) to 7-[5^4-fluorobeiizenesulfonyl)p^

imidazo[4,5-c]tetrazolo[l,5-a]pyridine. 4-Fluorobenzenethiol was used in lieu of4-

15 chlorobenzenethioL Following the oxidation with mCPBA, the crude product was purified

by column chromatography on silica gel (eluting with ethyl acetate) to yield 1.71 g ofthe

pure product as a white solid.

PartF

A mixture of7<5^4-fluorobenzenesufonyl)pentyl]^^

20 iinidazo[4,5^]tetr^lo[l,5-a]pyridine (1.61 g, 3.51 mmol), trifluoroacetic acid (15 mL)
and platinum (IV) oxide were added to a Parr vessel and agitated under hydrogen pressure

(50 psi, 3.4 x 10
s
Pa) for two days. The reaction rnixture was filtered through a layer of

CELXTE filter aid, and the filter cake was washed with methanol. The filtrate was

concentrated under reduced pressure, and the black residue was stirred in concentrated

25 hydrochloric acid (10 mL) for 1.5 hours. The solution was treated with 1 N aqueous

sodium hydroxide (100 mL) and solid sodium hydroxide until the solution exhibited a pH
of 14. The solution was extracted with chloroform (3 x 80 mL), and the combined extracts

were dried over sodium sulfate, filtered, and concentrated under reduced pressure to

provide 1.8 g ofthe crude product as a white foam. The crude product was purified by

30 column chromatography on silica gel (eluting with 98:2 chloroformmethanol) and

recrystallized from ethyl acetate:hexane. The solid was triturated with ethyl acetate and

dried at 70 °C in a vacuum oven overnight to provide 0.57 g of l-[5-(4-
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as a white powder, mp 130.0-132.0 °C

HNMR (300 MHz, CDCI3) 6 7.94-7.88 (m, 2H), 7.29-7.20 (m, 2H), 4.81 (br s, 2H), 4.17

(dd,7=7:7,7.7,2H),3.07^

2.40 (s, 3H), 1.91-1.69 (m, 6H), 1.54-1.43 (m, 2H), 1.05 (t, /= 7.4, 3H);

MS (APCD m/z 433 (M+H)
+
;

Anal. Calcd forCn^^S: C, 61.09; H, 6.76; N, 12.95; Found: C 61.05; H, 7.04; N,

13.00.

10

15

Example 93-96

The general methods described in Example 92 were used for Examples 93-96. The

reagent selected in lieu of4-cMombenzenetbiol in PartE ofExample 92 is shown in the

table below for Examples 93-96. The oxidation products from Part E were purified by

tritaration with ethyl acetate. A description ofthe isolation ofthe final compounds,

obtained after Part F, follows.

o
II

~S-R
11

o

ExampleNumber Reagent for Part E R

93
2,4-difluorobenzenethiol

94 4-methoxythiophenol -0-O
N

95
2,4-dichlorobenzenethiol

-0-ci

f 96 Sodium thiomethoxide -CH3
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10

15

30

Example 93

l-[5-(2ADifluorobenzen(^^

cjpyridin-4-amine

llie crude product was purified by flash chromatography on silica gel (during with

98:2 chloroformmethanol) to yield a white foam that was recrystaliized from 2-propanol.

After the product was dried under reduced pressure, 1.27 g ofthe product was obtained as

a white powder, mp 130.0-132.0 °C.

"HNMR (300 MHz, CDC13) 8 8.01-7.89 (m, 1H), 7.12-6.94 (m, 2H), 4.82 (br s, 2H), 4.18

(dd, /= 7.7, 7.7, 2H), 326 (dd, 7= 7.7, 7.7, 2H), 2.73 (dd, /= 7.7, 7.7, 2H), 2.43 (s, 3H),

2.39 (s, 3H), 1.9M.64 (m, 6H), 1.54-1.41 (m, 2H), 1.06 (t,J= 7.4, 3H);

MS (APC1) mJz 451 (M+H)+;

Anal. Calcd for CvKtftf&S: C, 58.65; H, 6.26; N, 12.44; Found: C, 58.75; H, 6.42;

N, 12.32.

Example 94

l-[5-(4-Methoxybenzene^

c]pyridin-4-amine

The crude product was purified by flash chromatography on silica gel (eluting with

98:2 chloroform:methanol) to yield a colorless oil that was recrystaliized from acetonitrile.

20 After the product was dried under reduced pressure, 0.725 g ofthe product was obtained

as a white powder, mp 130.5-132.0 °C.

'HNMR (300 MHz, CDC13) 6 7.81 (d, 7= 8.9, 2H), 7.02 (d, /= 8.9, 2H), 4.82 (br s, 2H),

4.16 (dd, J= 7.7, 7.7, 2H), 3.05 (dd, J= 7.7, 7.7, 2H), 2.73 (dd,/= 7.7, 7.7, 2H), 2.43 (s,'

3H), 2.39 (s, 3H), 1.91-1.64 (m, 6H), 1.55-1.41 (m, 2H), 1.05 (t,/= 7.4, 3H);

25 MS (APCI) m/z 445 (M+H)+;

AnaL Calcd forC^N^S: C, 62.14; H, 7.26; N, 12.60; Found: C, 62.14; H, 7.43; N
12.60.

Example 95

l-[5-(2,4-IMcMorobeiizenesulfonyl)pentyl]-6,7-dim^

c]pyridin-4-amine
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After the crude product was recrystallized from acetonitrile, 0.614 g ofthe product

was obtained as a white powder, mp 130.0-131 .5 °C.

!HNMR (300 MHz, CDC13) 8 8.04 (d, J= 8.6, 1H), 7.57 (d,J= 2.0, 1H), 7.46 (dd, /=

8.6, 2.0, 1H), 4.83 (br s, 2H), 4.18 (dd, /= 7.7, 7.7, 2H), 3.37 (dd, J= 7.6, 7.6, 2H), 2.73

5 (dd, J= 7.7, 7.7, 2H), 2.44 (s, 3H), 2.40 (s, 3H), 1.92-1.66 (m, 6H), 1.59-1.46 (m, 2H),

1.06 (t,/- 7.4, 3H);

MS(APCI)m/z483 (M)
+

;

Anal. Calcd for C22H28CI2N4O2S: C, 54.66; H, 5.84; N, 11.59; Found: C, 54.58; H, 5.65;

N, 11.58.

10

Example 96

1-[5-(Methanesulfonyl)pentyl]-6J^

A modification ofPart E ofExample 92 was used; a slurry ofsodium methoxide

(0.64 g, 9.1 mmol) inDMF (10 mL) was added to a solution of7-(5-chloropentyl)-5,6-

15 dimethyl-8-propyl-7/f-^ (2.35 g, 7.02 mmol) at 0 °C.

The synthesis was completed as described in Parts E and F or Example 92. The crude

product was recrystallized from acetonitrile and dried under reduced pressure to yield 1 .73

g ofthe desired product as a white powder, mp 145.0-146.0 °C.

lKNMR (300 MHz, CDC13) 5 4.82 (br s, 2H), 4.18 (dd, J= 7.7, 7.7, 2H), 3.01 (dd, /=

20 7.7, 7.7, 2H), 2.90 (s, 3H), 2.75 (dd,/= 7.7, 7.7, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.96-1.74

(m, 6H), 1.61-1.51 (m, 2H), 1.07 (t, /= 7.4, 3H);

MS (APCI) m/z 353 (M+H)
+

;

Anal. Calcd for C17H28N4O2S: C, 57.93; H, 8.01; N, 15.89; Found: C, 57.82; H, 8.26; N,

15.76.

25

Examples 97-99

The general methods described in Example 92 were used for Examples 97-99. In

Part A, 3-amino-l-propanol was used in lieu of 5-amino-l-pentanol. The purification in

Part D was carried out by column chromatography on silica gel (eluting with 95:5

30 chlorofonmmethanol) followed by trituration with ethyl acetate:hexane. The thiol selected

in Part E ofExample 92 is shown in the table below for Examples 97-99. The oxidation

products from Part E were purified by trituration with ethyl acetate.
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Example Number Thiol R
97

4-chlorobenzenetfaiol

98 2-mercaptopyridine

99

a) preparation described belc

4-mercaptoethyIbenzoate*

IV

-or

10

15

Example 97

H3-(4-CM>rob<mzene^^^

4-amine

Tbe crude product was triturated with ethyl acetate and dried at 60 °C under high
vacuum for three days to provide 1 .037 g ofthe desired product as a white powder mp
186.5-188.0 °C.

1HNMR(300 MHz, CDC13) 8 7.81 (d,/= 8.8, 2H), 7.55 «,/- S.7,2H), 4.83 (br* 2H)
4.39 (dd,y- 7.8, 7.8, 2H), 3.10 (dd, 7= 7.3, 7.3, 2H), 2.75 (dd, 7.7, 7.7, 2H), 2.42 (s

'

3H), 2.35 (s, 3H), 224-2.14 (m, 2H), 1.91-1.78 (m, 2H), 1.05 (t, J= 7.3, 3H);
MS (APCI) m/z 421 (M)

+
;

AnaL Calcd for C^CIN^S: C, 57.06; H, 5.99; N, 13.31; Found: C, 57.04; H, 6 14- N
13.23. *

'
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Example 98

6,7-Dimethyl-2-propyl-l-[3^yrid^

amine

The crude product was recrystallized from acetonitrile and then purified by column

5 chromatography on a Biotage Horizon™ High-Performance Flash Chromatography

instrument A second reciystallization from acetonitrile provided 0.180 g ofthe desired

product as a off-white powder, mp 172.0-173.5 °C.

*HNMR (300 MHz, CDC13) 8 8.69 (ddd, J= 4.7, 1 .7, 1 .0, 1H), 8.09 (ddd, J= 7.8, 1 .2,

1.0, 1H), 7.98 (ddd,J- 7.8, 7.8, 1.7, 1H), 7.57 (ddd, J= 7.8, 4.7, 1.2, 1H), 4.83 (br s, 2H),

10 4.42 (dd, J= 7.9, 7.9, 2H), 3.49 (dd, 7.3, 7.3, 2H), 2.77 (dd,7= 7.7, 7.7, 2H), 2.42 (s,

3H), 2.38 (s, 3H), 2.29-2.17 (m, 2H), 1.92-1.78 (m, 2H), 1.06 (t, J= 7.4, 3H);

MS (APCI) m/z 388 (M +H)+;

Anal. Calcd for Q9H25N5O2S: C, 58.89; H, 6.503; N, 18.07; Found: C, 58.51; H, 6.37; N,

17.80.

15

Example 99

4-[3^4-Amino-6,7-dimethyl-2-propyl-l//-imidazo[4,5-cjpyridin- 1-yl)propane- 1-

sulfonyljbenzoic acid ethyl ester

Ethj4-4-merc^)tobenzoate was prepared by treating 4-mercaptobenzoic acid (1 .50

20 g, 9.73 mmol) with ethanol (97 mL) in the presence of catalytic concentrated sulfuric acid

under a nitrogen atmosphere. The reaction was heated at reflux for three hours. The

volume ofthe reaction was reduced to 10 mL under reduced pressure and then partitioned

between water (100mL) and ethyl acetate (100 mL). The aqueous layer was extracted

with ethyl acetate (3x 100 mL), and the combined organic solutions were washed with

25 water (75 mL) and saturated aqueous sodium bicarbonate (2 x 75 mL), dried over

magnesium sulfate, filtered, and concentrated under reduced pressure to provide an oil.

The oil was dissolved in dichloromethane (100 mL), and the resulting solution was

extracted wife saturated aqueous sodium caibonate (3 x 100 mL). The combined extracts

were washed with dichloromethane (3 x 50 mL) and then treated with concentrated

30 hydrochloric acid to adjust to pH 7. The solution was then extracted with dichloromethane

(3 x 100 mL), and the combined extracts were washed with water (50 mL), dried over
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magnesium sulfate, filtered, and concentrated under reduced pressure to provide 1 .23 g of
ethyl-4-mercaptobenzoate as a colorless oil.

The ethyl-4-mercaptobenzoate was used as described in Part E ofExample 92 in

lieu of4-fluorobenzenetbiol, and the synthesis was completed using the methods described

5 in Parts E and F ofExample 92. The crude product was purified by column

chromatography on silica gel (eluting sequentially with 98:2 dicWoromethaneanethanol

and 95:5 dichloromethane:methanol, and the resulting yellow solid was triturated with

acetonitrile. The solid was isolated and recrystallized from 2-propanol to provide 1.4 g of

4-[3^4-ammo^,7Hkmemyl-2^

10 sulfonyijbenzoic acid ethyl ester as yellow crystals, mp 169.0-171.0 °C with aphase

change at 153-155 °C.

»HNMR (300 MHz, CDC13) 8 8.23 (d,/= 8.8, 2H), 7.95 (d, J= 8.6, 2H), 4.83 (br s, 2H),

4.48-4.37 (m, 4H), 3.14 (dd, J= 7.3, 7.3, 2H), 2.75 (dd, J= 7.7, 7.7, 2H), 2.41 (s, 3H),

2.35 (s, 3H), 2.24-2.13 (m, 2H), 1.91-1.77 (m, 2H), 1.43 (t, J= 7.1), 1.05 (t, J= 7.3, 3H);

15 MS(APCI)m/z459(M + H)
+
;

Anal. Calcd for C23H30N4O4S: C, 60.24; H, 6.59; N, 12.22; Found: C, 60.22; H, 6.80; N,

12.20.

Example 100

20 ^M4-Ainmo-6,7-dimemyl-2-^^

sulfonyijbenzoic acid hydrochloride

O

Under a nitrogen atmosphere, aqueous sodium hydroxide (1.5 mL of 1 M) was
added to a solution of4-[3-(4-ainmo-6,7^eto^

25 yl)propane-l-sulfonyl]benzoic acid ethyl ester (558 mg, 1.22 mmol), prepared as

described in Example 99, in methanol (5.5 mL).and THF (5.5 mL), and the reaction was
stirred for two hours at room temperature. The solvents were removed under reduced
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pressure, and the residual solid was dissolved in water (60 mL). The solution was washed

with dichloromethane (2 x 20 mL) and ethyl acetate (20 mL) and then treated with

concentrated hydrochloric acid to adjust to pH 5 . A precipitate formed, which was

isolated by filtration and dried overnight in a vacuum oven at 60 °C. The material was

5 treated with 1 M hydrochloric acid in diethyl ether, and then the solvent was removed

under reduced pressure. The resulting white solid was recrystallized from ethanol, and the

crystals were dissolved in a mixture of 1 N hydrochloric acid and methanol with gentle

heating. The solution was concentrated under reduced pressure, and the resulting solid

was dried at 80 °C under high vacuum to provide 240 mg of4-[3-(4-amino-6,7-Klimethyl-

10 2-propyl-Lf/-imidazo[4,5-c]pyridin- 1-yl)pn>pane- 1-sulfonyl]benzoic acid hydrochloride as

a white powder, mp >250 °C.

lH NMR (300 MHz, DMSO-dtf) 5 8.18 (d,/= 8.6, 2H), 8.03 (d, 7= 8.6, 2H), 7.79 (br s,

2H), 4.41(dd, J= 7.7, 7.7, 2H), 3.65 (dd, J= 7.3, 7.3, 2H), 2.79 (dd, 7.7, 7.7, 2H), 2.41

(s, 3H), 2.29 (s, 3H), 2.03-1.91 (m, 2H), 1.81-1.69 (m, 2H), 0.96 (t, J= 7.5, 3H);

15 MS(APCl)m/z431(M + H-HCl)
+
;

Anal. Calcd for C21H27CIN4O4S: C, 52.01; H, 5.92; N, 11.56; Found: C, 51.62; H, 5.86;

N, 11.41.

Example 101

20 {4-[3-(4-Amino-6,7-dimethyl-2-propyl-li/-imidazo[4,5-c]pyridin-1-yl)propane-1 -

sulfonyl]phenyl}morpholin-4-ylmethanone

O

PartA

4-[3-(5,6-Dimethyl-8-propyl-7/^imidazo[4,5^]tetra2olo[l,5^^

25 yl)propane-l -sulfonyl]benzoic acid ethyl ester (2.50 g, 5.16 mmol), prepared as described

in Parts A-E ofExample 92 using the modification ofExample 99, was treated with

aqueous sodium hydroxide (10 mL of 1 N) in ethanol (26 mL), and the reaction stirred for
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two hours and became homogeneous. The solvents were removed under reduced pressure,

and the residual white solid was dissolved in water (50 mL). The solution was washed

with ethyl acetate (3 x 10 mL) and then adjusted to pH 4 with the addition ofconcentrated

hydrochloric acid. A white solid precipitated, which was isolated by filtration, washed

5 with water, and dried for three hours in a vacuum oven at 60 °C to provide 2.26 g of4-[3-

(5,6-dmethyl-8-propyi-7jy-imi^

sulfonyljbenzoic acid as a white solid.

PartB

Under a nitrogen atmosphere, a mixture of4-[3-(5,6-dimemyl-8-pn>pyl-7#-

10 imidazo[4,5-c]tetraolo[l,5-a]pyri acid @26 g, 4.95

mmol) and dichloromethane (50 mL) was cooled to 0 °C. Oxalyl chloride (0.95 mL, 10.9

mmol) was added dropwise, and the reaction was stirred for two hours at room

temperature. To one-third ofthe solution was added morpholine (0.43 mL, 4.9 mmol),

and the reaction was stirred under nitrogen overnight Additional morpholine (1.0 mL, 1

1

15 mmol) was added, and the reaction was stirred for two hours. A white precipitate formed,

which was isolated by filtration, washed with ethyl acetate and water, and then dried for

two hours in a vacuum oven at 80 °C to provide 0.75 g of {4-[3-(5,6-dimethyl-8-propyl-

7#-imdazo[4,5-c]tetrazolo^^

ylmethanone as a white solid.

20 Parte

{4-[3<5,6-Dimemyl-8-propyl^

yl)propane-l-sulfonyl]phenyl}morphohn-4-ylmethanone (0.75 g, 1.4 mmol) was

converted to {4-[3-(4-ammo-6,7-dimemyl-2-p^

yl)propane-l-smfonyl]phenyl}morpholm-4-ymiethanone using the general method ofPart

25 F ofExample 92. The crude product was triturated with ethyl acetate, isolated by

filtration, and dried overnight under high vacuum at 90 °C to provide 0.52 g ofthe desired

product as a white powder, mp 224.0-226.0 °C.

'HNMR (300 MHz, DMSO-</
tf) 6 7.92 (d,J= 8.4, 2H), 7.63 (d, /= 8.4, 2H), 5.55 (or s,

2H), 4.25 (dd, J= 7.8, 7.8, 2H), 3.60 (br s, 4H), 3.52 (dd,J= 7.6, 7.6, 2H), 3.23 (br s, 2H),

30 2.66 (dd,7- 7.5, 7.5, 2H), 2.22 (s, 3H), 2.17 (s, 3H), 1.91-1.79 (m, 2H), 1.73-1.61 (m,

2H), 0.90 (t,J= 7.3, 3H);

MS (APC1) m/z 500 (M + H)+
;
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5

AnaL Calcd for ftsBWW*: C, 60.10; H. 6.657; N, 14.02; Found: C, 59.96; H, 6.70; N,

13.81.

Example 102

fl42-[2<4-Anrino-2<tfayW^

NH2

Part A

The general method described in PartA ofExample 80 was Mowed using 2-(2-

10 aminoethoxy)ethanol (46.0 mL, 458 mmol) in Ueu of ethanolamine to prepare 90.0 g of

tert-butyl 2-(2-hydroxyethoxy)ethylcarbamate
as a colorless oil.

PartB

Under a nitrogen atmosphere, a solution of tert-butyl 2-(2-

hydn,xyethoxy)ethylcarbamate (89.0g, 434 mmol) in dicbloromelhane (1.5 L) was cooled

15 to 0 «C; Memylamine (90.7 mL, 650 mmol) was added dropwise. Methanesulfonyl

chloride (36.9 mL, 477 mmol) was then added over a period of45 minutes. A precipitate

formed,andthereactionbecameyellow. The reaction Was allowed to warm to room

temperature and stirred overnight. Saturated aqueous sodium bicarbonate (750mL) was

added. The organic layer was then sequentially washed with water (3 x 500 mL) and brine

20 (250 mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure

to provide 119.2 g of
2-{2-[(^-butoxycatbonyl)ammo]ethoxy}ethyl methanesulfonate as

a light orange oil.

PartC

Under a nitrogen atmosphere, sodium azide (29.8 g, 458 mmol) was added to a

25 solution of2-{2-[(^-butoxycarbonyl)ainmo]emoxy}emy^
methanesulfonate (118 g, 416

mmol) in DMF, and the reaction was heated at 90 °C for six hours. The reaction was

allowed to cool to room temperature overnight, and then the solvent was removed under
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reduced pressure. Water (1 L) was added, and the resulting solution was extracted with

diethyl ether (4 x 500 mL). The combined extracts were washed with water (1 x 250 mL),
dried over magnesium sulfite, filtered, and concentrated under reduced pressure to yield

93.0 g oftert-butyl 2-(2-azidoethoxy)ethylcarbamate as a colorless oiL

5 PartD

Under a nitrogen purge, 10% palladium on carbon (9.2 g) was added to a solution

oftert-butyl 2-(2-azidoethoxy)ethylcarbamate (92.0 g, 399 mmol) in toluene (900 mL) in

a pressure vessel. The vessel was placed under hydrogen pressure (30 psi, 2.0 x 10
s
Pa),

and for the first 20 minutes, the hydrogen was replaced every five minutes and brought to

10 apressureof (20psi, l-4xl05 Pa). The reaction was maintained under hydrogen pressure

(20 psi, 1.4 x 10
s
Pa) overnight. The reaction mixture was filtered through a layer of

CELTTE filter aid, and the filter cake was washed with ethanol. The nitrate was
concentrated under reduced pressure to yield 77.4 g of tert-butyl 2-(2-

aminoethoxy)ethylcarbamate as a light green oil.

15 PartE

The general method described in PartB ofExample 82 was used with tert-butyl 2-

(2-ariunoethoxy)ethylcarbamate in lieu of2-[3n(l,3-tWazol-2-yl)propoxy]emylarnine. The
reaction was heated at 60 °C overnight The crude product, an orange oil, was

recrystallized from 40:60 ethyl acetate:hexane (100 mL) using seed crystals from a

20 previous run. The crystals were isolated by filtration and washed with cold 90:10

hexane:ethyl acetate. The mother liquor was concentrated under reduced pressure to

provide a solid which was purified by column chromatography on silica gel (1200 mL,
during with 70:30 hexane:ethyl acetate). The products purified by each method were
combined to provide 59.5 g oftert-butyl 2-{2-[(2<Uoro-5,6^dimemyl-3-mtropyridm-4-

25 yl)arnino]ethoxy}ethylcarbamate as a fight orange solid, m. p. 70-73 °C.

PartF

The general method described in PartA ofExample 92 was used to convert tert-

butyl 2-{2-[(2-cMoro-5,6-d^^

(57.0 g, 147 mmol) to 51.6 g of tert-butyl 2-{2-[(5,6^ethyl-8-nitrotetrazolo[U-

a]pyri<nn-7-yl)ariurio]^ obtained as a yellow solid, m. p. 109-1 1

1

°C.

PartG

30
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Under a nitrogen purge, 5% platinum on carbon (2.5 g) was added to a Parr vessel

containing a solution of terf-butyl 2-{2-[(2^Uoro-5,6-dimethyl-8-nitrotetrazolo[l,5-

a]pyridin-7-yl)amino]ethoxy}ethylcarbamate (25.0 g, 63.2 mmol) in toluene (500 mL).

The vessel was placed under hydrogen pressure (30 psi, 2.0 x I0
5
Pa) for four hours, and

5 then 2-propanol (50 mL) was added. The reaction mixture was filtered through a layer of

CELTTE filter aid, and the filter cake was washed with 2-propanol (500 mL) and ethanol

(500 mL). The filtrate was concentrated under reduced pressure to yield 22.9 g oitert-

butyl 2-{2-[(8-amino-5,6-dimethyltetrazolo[l,5-a]pyridin-7-

yl)amino]ethoxy} ethylcarbamate as a brown oil.

10 PartH

The general method described in Part E ofExample 85 was used to convert tert-

butyl 2-{2-[(8-amino-5,6-dimethyltetrazolo[l,5nfl]pyridin-7-

yl)amino]ethoxy} ethylcarbamate (22.8 g, 62.4 mmol) to terf-butyi 2-{2-[(8-ethyl-5,6-

dimethyl-7J/-imidazo[4,5-c]tetraazolo[ 1,5-a]pyridin-7-yi)]ethoxy) ethylcarbamate.

15 Triethylorthopropionate (13.2 mT^ 65.5 mmol) was used in lieu of trimethylorthobutyrate.

The crude product was obtained as a light brown solid (20.2 g), which was stirred with

water (500 mL) for 15 minutes, isolated by filtration, and dried overnight in a vacuum

oven at 80 °C, to provide the desired product, mp 186-188 °C, which was used without

further purification.

20 Parti

A solution of trifluoroacetic acid (188 mL, 2.44 mol) in dichloromethane (300 mL)

was cooled to 0 °C. A solution of /erf-butyl 2-{2-[(8-ethyl-5,6-dimethyl-7if-unidazo[4,5-

c]tetrazolo[l >
5^]pyridin-7-yl)]ethoxy}ethylcarbamate(19.7 g, 48.8 mmol) in

dichloromethane (300 mL) was then slowly added over a period of30 minutes, and the

25 reaction was stirred overnight The volatiles were removed under reduced pressure, and

the residual brown oil was stirred with 2-propanol (300 mL) to form a white salt, which

was isolated by filtration and dried in a vacuum at 80 °C. The salt was dissolved in water

(200 mL), and solid sodium carbonate was added to adjust to pH 12. The solution was

extracted with chloroform overnight with a continuous extractor. The extracts were dried

30 over magnesium sulfate, filtered, and concentrated under reduced pressure to provide 11.5

g of2-[2-(8-ethyl-5,6^ethyl^

yl)ethoxy]ethylarnine as a white solid, m. p. 181-183 °C.

228



WO 03/103584
PCTAJS03/17659

Part J

The general method described in PartB ofthis example was used with the

following modifications. 2-[2-(8-Emyl-5,6^efoyl-7/M

a]pyridm-7-yl)emoxy]ethylainine (225 g, 7.42 mmol) was used in lieu of /ert-butyl 2-(2-

5 hydroxyethoxy)ethylcarbamate. The reaction was stirred for 2 hours, and 2.8 g ofcrude
product were obtained after the work-up. The crude product was purified by column
chromatography on silica gel (200 mL, eluting with 90:10 mcMorometnanennethanol) to

provide 2.30 g ofiH2-[2^8-emyl-5,6-dimemyL^^^^

a]pvricUii-7-yl)emoxy]emvl}m as a wbjte solid, m. p. 216-218 °C.
10 PartK

The general method described in Part F ofExample 92 was used to convert N-{2-

[2-(8-emyl-5,6^emyl-7ff-imi<lazo[4,5-c]tetra^

yl)emoxy]emyl}memaneaulfonamide (2.25 g, 5.90 mmol) to tf-{2-[2<4-amino-2-ethyl-

6,7-dimemyl-li/-inndazo[4,5^]pyridm-l-yI)^ The
15 crude product was obtained as a colorless oil (2.03 g), which was recrystallized from 2-

piopanol (45 mL) and dried in a vacuum oven at 70 »C to provide 1 .37 g ofthe desired

product as a white powder, mp 145-147 °C.

'HNMR (300 MHz, DMSO) 8 6.99 (br t, 1H), 5.57 (s, 2H), 4.41 (t,/= 5.6 Hz, 2H), 3.69

(t,J= 5.6, 2H), 3.40 (t, J= 5.8, 2H), 3.02 (q, /= 5.6, 2H), 2.85 (q,J= 7.5, 2H), 2.82 (s,

20 3H), 2.35 (s, 3H), 2.30 (s, 3H), 1 .31 (t, 7= 7.5, 3H);

MS (APCI) mJz 356 (M + H)
+

;

Anal. Calcd for CsH^jOaS: C, 50.69; H, 7.09; N, 19.70. Found: C, 50.69; H, 7.17; N,
19.68.

25

30

Examples 103 and 104

2-[2-(8-Efoyl-5,6-dme%l-7^^

yl)emoxy]emylamine was obtained as described in Parts A through I ofExample 102.

Under a nitrogen atmosphere, a solution of2-[2-(8-emyl-5,6-dunemyl-7^-imidazo[4,5-

c]tetraazolo[l,5-a]pyri^^
(1 equivalent) and in dichloromethane

was cooled to 0 °C; triemylamine (1.1 equivalents) was added. The acid chloride (1.1

equivalents) selected from the table below was then added dropwise, and the solution was
allowed to warm to room temperature and stirred for several hours. The reaction was
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washed with 5% aqueous sodium hydroxide (200 mL), and the aqueous layer was

extracted with dichloiomethane (2 x 200 mL). The combined organic solutions were dried

over magnesium sulfate, filtered, and concentrated under reduced pressure to provide a

white solid, which was treated using the general method described in Part F ofExample 92

and purified as described below.

H

Example Number Acid Chloride R

103 4-moipholinecaibonyl chloride /—

\

104 cyclohexyicarbonyl chloride o
Example 103

W-{2-[2-(4-Animo-2-emyl-6,7HJim^

10 yl)ethoxy]ethyl}morpholine-4-carboxamide

The crude product was obtained as a white solid, which was recrystallized from 2-

propanol and dried overnight in a vacuum oven at 80 °C. The crystals were dissolved in

dichloiomethane, and the solution was concentrated under reduced pressure to provide

1.46 gof^{242-(4-ammo-2-etoyl-6,7^e^

15 yl)ethoxy]ethyl}morpholine-4-caiboxamide as a white powder, mp 182-184 °C.

lHNMR (300 MHz, DMSO) 8 6.40 (t,7= 5.4 Hz, 1H), 5.63 (s, 2H), 4.39 (t,J= 5.4, 2H),

3.67 (t, J= 5.4, 2H), 3.51 (m, 4H), 3.34 (t,J= 6.1, 2H), 3.18 (m, 4H), 3.1 1 (q, /= 5.8,

2H), 2.84 (q, J= 7.5, 2H), 2.35 (s, 3H), 2.30 (s, 3H), 1.30 (t, 7= 7.5, 3H);

MS (APC1) m/z 391 (M + H)+;

20 Anal. Calcd for C19H3oN603 : C, 58.44; H, 7.74; N, 21 .52. Found: C, 58.22; H, 7.77; N,

21.73.

230



WO 03/103584
PCT/US03/17659

Example 104

yi)ethoxy]ethyl}cycIohexanecarboxamide

crude product was purified by column chromatography on silica gel (150 mL,
5 eluting with 85:15 dichloromethane:memanol) and recrystallization from 2-propanol (20

mL). The purified crystals were dissolved in methanol, and the resulting solution was
concentrated under reduced pressure to provide 0.88 g ofJV--{2-[2^4-aimno-2-ethyl-6,7-

a^emyl-l//-iimda^^ w &

white powder, mp 170-172 °C.

0 «HNMR (300 MHz, CDC13) 8 5.36 (br t, 1H), 4.89 (s, 2H), 4.43 (t, /= 5.4 Hz, 2H), 3.72

(t,/= 5.5, 2H), 3.43-3.38 (m, 2H), 3.34-3.27 (m, 2H), 2.88 (q, /= 7.5, 2H), 2.45 (s, 3H),

2.43 (s,3H), 1.92-1.61 (m,6H), 1.42 (t,/= 7.5, 3H), 135-1.16 (m, 5 H);

MS (APCI) m/z 388 (M + H)+
;

AnaL Calcd for C21H33N5O2: C, 65.09; H, 8.53; N, 18.07. Found: C, 64.85; H, 8.66; N,

AM^lohexyWvM2-[2<2-emyK

A modification ofthe methods described in Examples 103 and 104 was used to

convert 2-[2-(8-emyl-5,6-dimemyl-7^-iimdazo^

yl)emoxy]emylainine (2.00 g, 6.59 mrnol) to iV^yclohexyl-JV-{2-[2-(2-ethyl-6,7-

dimethyl-lff-mnda^^ No triemyiamine was used,

and cyclohexyl isocyanate (0.93 mL, 7.25 mrnol) was used in lieu of an acid chloride. The
crude hydrogenahon product was isolated as an off-white solid, which was recrystallized

15 17.86.

Example 105
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twice from 2-propanol (15-17 mL/g) to provide 1.29 g ofthe desired product as white

crystals, mp 187-189 °C.

!HNMR (300 MHz, CDC13) 5 4.94 (s, 2H), 4.42 (t, /= 5.3 Hz, 2H), 4.23 (d, /= 8.1 , 1H),

3.89 (t, 5.3, 1H), 3.67 (t, 7= 5.3, 2H), 3.51-337 (m, 1H), 3.36-3.31 (m, 2H), 3.19 (q, J

5 = 5.3, 2H), 2.86 (q, J= 7.5, 2H), 2.45 (s, 3H), 2.42 (s, 3H), 1.92-1.82 (m, 2H), 1.75-1.54

(m, 3H), 1.41 (t,/= 7.5, 3H), 1.36-1.04 (m, 5 H);

MS (APCI)m/z 403 (M + H)+;

Anal. Calcd for C21H34N6O2: C, 62.66; H, 8.51; N, 20.88. Found: C, 62.39; H, 8.74; N,

20.85.

10

Example 106

1- {2-[2<l , 1 -DioxidoisothiazoUdin-2-yl)ethoxy]ethyl}-2-ethyW

imidazo[4,5^]pyridin-4-amine

15 Part A

2-[2^8-Ethyl-5,6-dimethyl-7if-ii^ 1 ,5-a]pyridin-7-

yl)ethoxy]ethylamine (2.00 g, 6.59 mmol) was obtained as described in Parts A through I

ofExample 102 and treated using the method ofPart J ofExample 102 with 3-

chloropropanesulfonyl chloride (0.88 mL, 7.25 mmol) used in lieu ofmethanesulfonyl

20 chloride. The crude product was purified by column chromatography on silica gel (100

mL, eluting with 95:5 dichloromethane:methanol) to provide an amber oil, which was

triturated with diethyl ether. The product was isolated by filtration to provide 2.62 g of 3-

chloro-JV^{2-[2-(8-ethyI-5,6-dm^

yl)ethoxy]ethyl}propane- 1-sulfonamide as a white solid, m. p. 126-129 °C.

25 PartB

Under a nitrogen atmosphere, l,8-diazabicyclo[5.4.0]undecene-7 (42 mL, 28

mmol) was added to a solution of 3-chloro-7^-{2-[2-(8-ethyl-5,6-dimethyl-7i/-
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imi<^[4,5-c]tetrazolo[l,5-afo^^
(2.50 g,

5.63 mmol) inDMF (50 mL), and the reaction was stirred overnight at room temperature.

The solution was concentrated to about 25 mL under reduced pressure, and water (300

mL) was added. A white precipitate formed, which was isolated by filtration and

5 recrystallized from acetonitrile (20 mL) to provide 1.95 g of7-{2-[2-(l,l-

dioxidoisotmazoh^lm^-y^

c]tetraazolo[l,5-a]pyridine as white crystals, m. p. 176-178 °C.

PartC

7-{2-[2-(l,l-Dioxidoisotmazou^

10 imidazo[4,5-c]tetraMlo[l,5-a]pyridine (1.60 g, 3.93 mmol) was treated using the

procedure described in Part F ofExample 92. The crude product was purifed by column

chromatography on silica gel (75 mL, eluting with 80:20 dichloromethanemethanol) and

recrystallized from 2-propanol to provide 0.38 g ofwhite crystals. The crystals were

dissolved in 2-propanol (10 mL) and treated with a 1 M solution ofhydrochloric acid in

diethyl ether (1 mL). The solution was stirred for 30 minutes, and the resulting salt was

isolated by filtration and washed with diethyl ether. The salt was dissolved in water (25

mL), and solid sodium carbonate was added to adjust to pH 12. The solution was seeded

with material made in a previous run, and the resulting solid was isolated by filtration and

washed with water to provide 0.18 g of l-{2-[2-(l,l-dioxidoisothiazolidm-2-

yl)ethoxy]emyl}-2-emyl-6,7-to
as a white^

mp 157-159 °C.

lHNMR (300 MHz, CDC13) 8 4.86 (s, 2H), 4.44 (t,/= 5.4 Hz, 2H), 3.74 (t, 7= 5.4, 2H),

3.57-3.51 (m, 2H), 3.13-3.08 (m, 2H), 3.04-2.97 (m, 2H), 2.89 (q, J= 7.5, 2H), 2.87 (t,J=
6.8, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.19-2.08 (m, 2H), 1.41 (t, /= 7.5, 3H);

25 MS (APCT) m/z 382 (M+ H)
+

;

AnaL Calcd for 0,7^71*5038.0.50H2Or C, 52.29; H, 7^3; N, 17.93. Found: C, 52.54; H,

7.49; N, 18.02.

15

20
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Example 107

N-{2-[2-(4-Amino-2-ethyl-6,7Kiim -JV-

benzoylurea

NH2

5 PartA

2-[2K8-Ethyl-5,6-dira^

yl)ethoxy]ethylamine (2.00 g, 6.59 mmol) was obtained as described in Parts A through I

ofExample 102 and treated using the method ofPart F ofExample 92. The crude product

was recrystallized from toluene (57 mL/g) to provide 3.19 g of l-[2-(2-

10 aminoethoxy)ethyi]-2-ethyi-6,7-dimethyl-l#-imidazo[4,5-c]p as white

crystals, m. p. 152-154 °C.

PartB

A solution of l-[2-(2-aminoethoxy)ethyl]-2-ethy^

c]pyridin-4-amine (1.60 g, 5.77 mmol) was treated with benzoyl isocyanate (0.98 g~ 6.6

15 mmol) using the method described in Example 105. The crude product was purified by

column chromatography on silica gel (1 50 mL, eluting with 90:10

dichloromethane:methanol) and recrystallized from acetonitrile (75 mL/g). The crystals

were subsequently recrystallized twice from 2-propanol (40-44 mL/g) and then stirred in

water for 30 minutes and isolated by filtration. The solid was dried for three days under

20 high vacuum to provide 0.54 g ofN- {2-[2-(4-amino-2-ethyl-6,7-dimethyl-l//-imidazo[4,5-

c]pyridin-l-yl)ethoxy]etiiyl}-JV
,

-benzoylurea as a white solid, mp 185-187 °C. *HNMR

(300 MHz, CDC13) 8 8.98 (br s, 1H), 8.87 (br t, 1H), 7.93-7.87 (m, 2H), 7.63-7.56 (m,

1H), 7.52-7.44 (m, 2H), 4.84 (s, 2H), 4.45 (t, J= 5.8 Hz, 2H), 3.76 (t, /= 5.8, 2H), 3.57-

3.46 (m, 4H), 2.91 (q, J= 7.5, 2H), 2.42 (s, 6H), 1.41 (t, J= 7.5, 3H); MS (APCJ) mfz 425

25 (M + H)
+

; Anal. Calcd for C22H28N6(V0.25 H20: C, 61.59; H, 6.70; N, 19.59. Found: C,

61 .25; H, 6.90; N, 19.72.
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Example 108

yl)emoxy]efliyl}ammo)caibon)d]beozenesulfonaniide

A solution of l-[2<2-aininoethoxy)e%l]^

c]pyridin-4-amine (1.45 g, 5.23 mmol), obtained as described in PartA ofExample 107,

was treated with benzenesulfonyl isocyanate (0.70 mL, 5.2 mmol) using a modification of
the method described in Example 105. The crude reaction mixture was concentrated

under reduced pressure, and the residue was purified by column chromatography on silica

gel (eluting with 79.5:19.5:1 mcUoromethanemiethanol.1riemylaniine) to provide a white

solid. The solid (1.05 g) was stirred with 90: 10 dichloromethanemethanol (40 mL),
isolated by filtration, and recrystallized from DMF (10 mL) to provide 0.41 g ofJV-[({2-{2-

(4-ammo-2-e%W,7KlimethyM^^

yl)emoxy]ethyl}animo)caibonyl]benzenesulfonanride as a white solid, mp 201-203 °C.

MS(ESI)ffi/z461 (M + H)
+

.

2KEmoxymemyl)^
)7-<umemyl-l-[2-(pyridin-4-ym^^

Example 109

N

PartA
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(
2-CMoro-5,6<hmemyl-3^

(19 6 g, 582 mmol), which was prepared as described in Parts A through C ofExample

84, was treated with sodium azide (7.57 g, 1 16 mmol) using the general method described

inPartAofExample 92. The crude solid was recrystallized from acetonitrile to provide

5 162 g of(5,6<iimethyl-8<utroteh^^^

ylmethoxy)ethyl]amine as an orange solid.

PartB

(5,6-Dimemyl-8-nitmte^

ytoethoXy)ethyl]amine (16.2 g, 46.9 mmol) was hydrogenated using the conditions

10 described in PartG ofExample 80 with the following modification.
The filter cake was

washed with hot toluene and 50:50 dichloromethaneimethanol, the filtrate was

. concentrated under reduced pressure to provide the crude product, which was triturated

with diethyl ether and isolated by filtration to afford 5,6^imethyl-^-[2-(pyridin-4-

yhnemoxy)etoyl]tetr^^

15 PartC

The general method described inPartE ofExample 82 was used to convert 5,6-

19 mmol) to 8-emoxy-5,6-dimefcyl-7-[^^

cltetazoloLl^lpyridine. Tfrc^v^™*^^*^^'**^ 1*

20 filtration, and recrystallized from acetonitrile (1.8 mL>g) to provide 4.53 g ofthe desired

product as off-white crystals.

PartD

Under a nitrogen atmosphere, a solution of 8^oxy-5,6^1imethyl-7-t2-(pyndm-4-

yunethoxy)e*yl]-7tf-imi^^ (404 & 105

25
triphenylphosphine(3.04g,11.6nimol)mxylene(50mL)washeateda^

hours. The solution was allowed to cool to room temperature, and the volatiles were

removed under reduced pressure. The residual oil was treated with aqueous hydrochloric

acid (50mL of 1 M) and stirred for 30 minutes; a white precipitate formed. The solution

was then washed with dichloromethane (3 x 2 mL), treated with IN aqueous potassium

30 hydroxide to adjust to PH 14, and cooled to near 0«C. The product precipitated and was

isolated by filtration, washed with diethyl ether, and dried under reduced pressure. The

resulting solid was washed with water, isolated by filtration, washed with diethyl ether,
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and reciystallized from toluene. The solid was dissolved in methanol, and the solution

was concentrated underreduced pressure. This was repeated three times before the solid

was finally triturated with diethyl ether and isolated by filtration to provide 2. 17 g of2-
(ethoxymethylW^^

5 4-amine as small tan crystals, mp 143-145 °C.

'HNMR (300 MHz, DMSO) 8 8.45 (d,J= 6.2 Hz, 2H), 7.1 1 (d,J= 5.6 Hz, 2H), 5.80 (s,

2H), 4.69 (s, 2H), 4.61 (t, J= 5.6 Hz, 2H), 4.48 (s, 2H), 3.80 (t,/= 5.6 Hz, 2H), 3.48 (q,J
= 6.9 Hz, 2H), 2.37 (s, 3H), 2.31 (s, 3H), 1.10 (t,J= 6.9 Hz, 3H);

MS (APCI) m/z 356 (M + H)
+

;

10 Anal. Calcd for C^H^sO,: C, 64.20; H, 7.09; N, 19.70; Found: C, 63.93; H, 7.43;N
19.76.

Example 110

2,6,7-Trmiemyl-l-[2-(pyridm-4-ylmemoxy)emyi^

15

20

25

Using the general method described in Part E ofExample 85, 5,6-dimethyl-^-[2-

(pyridm-4-ylmethoxy)ethy^
(6>0 & 19

prepared as described in PartsA and B ofExample 109, was treated with

triethylorthoacetate (3.7 mL, 20 mmol) in Keu oftrimethylorthobutyrate. The crude

product was triturated with diethyl ether and isolated by filtration to provide 6.07 g of
5,6,8-ti*nemyl-7-[2^yridh-^^^

cjpyridme as a brown solid.

PartB

The general method ofPartD ofExample 109 was used to convert 5,6,8-trimethyl-

7-[2-(pvridm-4-ylmetlK^
(4M & U Q

mmol) to 2.18 g of2,6,7-trimefcyl-l-[2-(pyridm^^

c]pyridin-4-amine, which was obtained as a white solid, mp 208-210 °C.
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«HmiR(300MHZ,DMSO)58.45(n
,2H),7.11(d,/=6.2Hz,m5.M(s,2H),4.50

^ j= 5.6 Hz, 2H), 4.48 (s, 2H), 3.77 (t, J— 5.3 Hz; 2H), 2.50 (s, 3H), 2.33 (s, 3H), 2.29

(s 3H)- MS (APCI) m/z 312 (M + H)
+

;

Anal. Calcd for Ci7H2tNsO: C, 65.57; H, 6.80; N, 22.49; Found: C, 65.60; H, 6.84; N,

5 22.57.

Example 111

2<EaoxymethylW^
inddazo[4,5^pyridin-4-amine

*}*2 /
H O-'

10

Part Â

Using a modification ofthe method described in Part A ofExample 85, 2-(2-

cWoro-5,6^ethyl^^

usedinlieuof5-annno-l-pentanol,
and the reactionwas heated at 60 °C for six hours.

15 ?ffltB

ryridme (1.0m^2 mmol) and4^^^

nnnol) was added to a solution of2^hlorc-5,6^euryl-3-mtmP
yridin-4-

ylaminojethanol (0.50 g, 2.0 mmol) in anhydrous dichloromethane (4.5 mL). Under a

nitrogen atmosphere, acetic anhydride (0.8 mL, 8 mmol) was added, and the yellow

reducedpressure.andmeresidualyeUowouwasmssolvedm
The

solution was washed with aqueous sodium bicarbonate, water, and brine, and then dned

over sodium sulfate, filtered, and concentrated under reduced pressure to pnmde 0.55 g of

acetic acid 2<2«hloro-5,6^1ime^^^
38 3^

25 solid
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10

15

PartC

A modification ofthe method ofPartA ofExample 92 was used to convert acetic

acid 2K2^hloro-5,6^ethyl-3-nitropyridk^ylamino)ethyl ester (8.02 g, 27.9 mmol) to

acetic acid 2K5,6^efoyl-8-mtrotetrazolo[^^
ester. A 3:1

acetonitrile:water mixture was used as the solvent, and the reaction was heated at reflux

for 21 hours. The crude product was obtained as an oil, which was triturated with diethyl

ether, isolated by nitration, and washed with water and diethyl ether to provide 7.3 g ofthe
desired product.

PartD

The procedure described in Part F ofExample 80 was used to convert acetic acid

2<5,6dimemyl-8-mtrotet^
ester (6.18 g, 21.0 mmol)

to 5.20 g of acetic acid 2^8-arnino-5
)6^etoyltetr^

ester, which was obtained as a tan solid

PartE

The method described in Part E ofExample 82 was used to convert acetic acid 2-

(8-ammo-5,6Hiimemyltetra^ ^ (52Q fe 1£) ?
to 6.10 g ofacetic acid 2K8^oxymemyl-5,(^etoyl-7tf^

a]pyridin-7-yl)ethyl ester, which was obtained as a tan solid

PartF

A mixture of2^8H5moxymefoyl-5,6Klim^

abyridin-7-yl)ethyl ester (6.10 g, 18.4 mmol) and methanol (60 mL) was stirred and
heated to 70 Potassium carbonate (1.90 g, 13.8 mmol) was added to the resulting

solution, and the reaction was stirred at 70 °C for 15 minutes then allowed to cool to room
temperature. The volatiles were removed under reduced pressure, and the residue was

25 dissolved in 9:1 dichloromethanemethanol and filtered through a layer of silica gel (53 g).

The volatiles were removed under reduced pressure to provide 4.98 g of2-{i-

emoxymefcyl-5,6Hhmetoyl-7^^ M a

solid containing some minor impurities.

PartG

30 The method described in PartA ofExample 81 was followed. 2-(8-Ethoxymethyl-

5,6^edryl-7i/-iimda^^
(4 98 & lg g

was used in lieu rerf-butyi 2-hyaroxyethylcarbamate. 8-Emoxymethyl-5,6^imethyl-7-<2-

20
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prop-2-ynytoxyethyl)-7J/-imidazo[4,5^] (5.5 g), containing some

minor impurities, was obtained as a white solid.

PartH

The method described in Part B ofExample 81 was followed 8-Ethoxymethyl-

5 5,6^imethyl-7-(2-prop-2-ynylox (5.5 g,

17 mmol) was used as the starting material in lieu ofrerf-butyl 2-(prop-2-

ynyloxy)ethylcaibamate, and 5-bromopyrimidine was used in lieu of 3-bromopyridine.

The crude product was purified by column chromatography on silica gel (620 g, ehiting

with 98:2 dichloromethane;methanol), and the resulting solid was mixed with 2-propanol

10 (150 mL). Insoluble impurities were removed by filtration, and the solution was

concentrated to a volume of20 mL. The product crystallized and was isolated by filtration

and washed with 2-propanol and diethyl ether to provide 6.10 g of 8-ethoxymethyl-5,6-

dmethyl-7-[2-{3-pyriimdin^

ajpyridine as white crystals.

15 Parti

The method described in PartD ofExample 109 was used with the following

modification. The reaction was carried out in refluxing toluene, and 8-ethoxymethyl-5,6-

dimethyl-7-[2^3-pyrimidin-5-ylpro^ 1 ,5-

a]pyridine (6.20 g, 15.3 mmol) was used in lieu of 8-ethoxy-5,6-dimethyl-7-[2-(pyridin-4-

20 ylmethoxy^thyll^H-imidazo^.S-^tetrazolofl ,5-a]pyridine. The crude product was

purified by column chromatography on silica gel (200 g, eluting with 95:5

dichloromethane:methanol) to provide 0.852 g of 2-(ethoxymethyl)-6,7-dim

pyrimidm-5-ylprop-2-ynyl)oxy]eto^ as a white

powder, mp 122-124 °C

25
lH NMR (300 MHz, DMSO) 6 9.18 (s, 1H), 8.83 (s, 2H), 6.05 (s, 2H), 4.70 (s, 2H), 4.61

(t, J= 5.6 Hz, 2H), 4.44 (s, 2H), 3.90 (t,/= 5.6 Hz, 2H), 3.50 (q, J= 6.9 Hz, 2H), 2.40 (s,

3H), 2.30 (s, 3H), 1.12 (t,7= 7.2 Hz, 3H);

MS (APCI) m/z 381 (M + H)
+

;

Anal. Calcd for C20H24N6O2: C, 63.14; H, 6.36; N, 22.09; Found: C, 62.84; H, 6.37; N,

30 22.12.
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Example 112

c]pyridin-4-amine

N=

Under a nitrogen purge, 2<ettoxymethylW^

ylprop-2-ynyl)oxy]efovl}-l^^
(0.69 g, 1.8 mmmol),

prepared as described in Example 1 1 1, 10% palladium on carbon (0.1 g), and methanol

(10 mL) were added to a Parr vessel. The vessel was placed under hydrogen pressure (50
psi, 3.4 x 10

5
Pa) for 2.5 hours. The reaction inixture was filtered through a layer of

CELITE filter aid, and the filter cake was rinsed with methanol (200 mL). The filtrate was
concentrated under reduced pressure to yield an oil, which was triturated with diethyl ether

then recrystafflzed from toluene (3 mL). The crystals were dried for 24 hours at 94 °C and
then dissolved in methanol. The solution was concentrated to provide an oil that was
triturated with diethyl ether and dried under reduced pressure to provide 0.202 g of2-

(emoxymemyl)^,7^e%14-[2^3-pyriimdm-5-ylpropoxy)

c]pyridin-4-amine as a white powder, mp 127-129 °C.
!HNMR (300 MHz, DMSO) 5 9.00 (s, 1H), 8.54 (s, 2H), 5.79 (s, 2H), 4.69 (s, 2H), 4.54
(t,J= 5.6 Hz, 2H), 3.70 (t,J= 5.6 Hz, 2H), 3.5 (q, J= 7.1 Hz, 2H), 3.33 (t, 7= 6.2 Hz,
2H), 2.47 (t,J= 8.1 Hz, 2H), 2.39 (s, 3H), 2.31 (s, 3H), 1.74 (p, /= 7.5, 6.2 Hz, 2H), 131
(t,/=6.9Hz,3H);

MS (APC1) m/z 385 (M + H)+;

AnaL Calcd forC^gN^: C, 62.48; H, 734; N, 21.86; Found: C, 62.20; H, 7.34-N
21.58.
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Example 113

l#-iimdazo[4,5^pyridin-l-^

20

Solid potassium acetate (0.62 g, 6.32 mmol) was added to a solution oftf-{2-[2-(4-

^o-2-propyl-l/M^^^

5 27 mmol) in acetic acid (32 mL). After the potassium acetate had dissolved bromine

(126g 7 91mmoDwasaddeddropwise.
The reactionwas stirred at ambient temperature

for 40 minutes at which time analysis by thin layer chromatography indicated that the

reaction was complete. Excess bromine was quenched by the addition of saturated

aqueous sodium bisulfite (~ 1 mL). The pH ofthe reaction mixture was adjusted to pH 7

by the addition of saturated aqueous sodium bicarbonate (100 mL) followed by the

additionofsoUdsodiumbicarbonate. The reaction mixture was extracted with

dichloromethane(2xl00mL). The combined extracts were washed sequentially wUb

water saturated aqueous sodium bicarbonate (100 mL) and brine (100 mL), dried over

sodium sulfate, filtered and then concentrated under reduced pressure to provide abrown

gooey solid. This material was purme4 by

oichloromethane:methanol) to provide 1.7 goftf-{2-t2.(4-ammo^^

ixridazo^lp^
35 awWte^ ^

129-131 °C.

'HNMR (300 MHz, DMSO-40 57.68 (s, IH), 7.00 (t, J- 6.0 Hz, IH), 621 (bs, 2H), 4.55

(t,J- 5.7 Hz, 2H), 3.75 (t, JT= 5.7 Hz, 2H), 3.42 (t, /= 5.7 Hz, 2H), 3.03 (q, J= 5.9 Hz,

I 2H), 2.86 (t,/= 7.5 Hz, 2H), 2.84 (s,3H), 1.81 (sextet, 7=7.5 Hz, 2H), 1.01 (t,J=7.5

Hz, 3H);MS (APCI) m/z 420/422 (M + H)
+
;

Anal. Calcd" forC^BrN^S: C, 40.01; H, 5.28: N, 16.66. Found: C, 39.66; H, 4.95;

N, 16.29.
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Example 114

H2K2-Ammoemoxy)<^vl]-7-bromo-2-pro^^^

Part A

Using the general method ofExample 113, /ert-butyl 2-[2-{4-amino-2-propyl-lfl'.

imidazo[4,5^Pyridm4-yl)ethoxy]ethylcarbamate (0.9 g, 2.48 mmol) was brominated to

provide 0.85 g of/ert-butyl 2-[2-(4-ammo-7-bromo-2-pro^^
yl)ethoxy]ethylcarbamate as a brown foam.

PartB

Hydrochloric acid (1.8 mL of425M in ethanol) was added to a solution ofthe
material from PartA in ethanol (10 mL). The reaction was heated at reflux for 1 hour and
then concentrated under reduced pressure to provide a brown foam. The foam was
recrystallized from ethyl acetate (13 mL) to provide 0.4 g of l-[2K2-aminoethoxy)ethyl]-

7-bromo-2-propyl-lff.inndazo[4,5-c]pyridm-4-aniine as brown rock-needles, mp 114

-

117 °C.

Anal. Calcd for CI3H2oBrN50: C, 45.62; H, 5.89; N, 20.46. Found: C, 45.90; H, 5 58-N
20.15.

Example 115

N-{2-[2-(4-Amino-7-bromo-2-propyl-

l^-inndazo[4,5-c]pyri(un-l-yl)emoxy]emyl}-4<Moro
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Triethylamine (0.07 g, 0.66 mmol) was added to a solution of l-[2-(2-

ammoethoxy)ethyl]-7-b^ (0.15 g, 0.44

mmol) in dichloromethane ( 2 mL). 4-ChlorobenzoyI chloride (0.09 g, 0.53 mmol) was

added dropwise to the reaction mixture. The reaction mixture was stirred at ambient

5 temperature for 10 minutes at which time analysis by thin layer chromatography indicated

that the reaction was complete. The reaction mixture was partitioned between

dichloromethane (30 mL) and saturated aqueous sodium bicarbonate (20 mL). The layers

were separated. The organic layer was washed sequentially with saturated aqueous

ammonium chloride (20 mL) and brine (20 mL), dried over sodium sulfate, filtered and

10 then concentrated under reduced pressure to provide 0.23 g of a clear, glassy solid. The

crude material was purified by chromatography (silica gel eluting with 95:5

dichloromethanemethanol) to provide 0.05 g ofN- {2-[2-(4-amino-7-bromo-2-propyH7/-

imidazo[4,5<:]pyridin-l-yl)ethoxy]eth^ as a white amorphous solid.

'HNMR (300 MHz, DMSO-rfd) 8 8.46 (t, J= 5.6 Hz, 1H), 7.80 (d, J= 8.7 Hz, 2H), 7.66

15 (s, 1H) 7.53 (d, J= 8.7 Hz, 2H) 6.21 (bs, 2H), 4.55 (t, J= 5.7 Hz, 2H), 3.75 (t, J= 5.7 Hz,

2H), 3.42 (t, J= 5.7 Hz, 2H), 3.03 (q, J= 5.9 Hz, 2H), 2.86 (t, /= 7.5 Hz, 2H), 2.84 (s5

3H), 1.81 (sextet,/= 7.5 Hz, 2H), 1.01 (t, J= 7.5 Hz, 3H);

MS (APCI) m/z 480/482 (M + H)
+

;

Anal. Calcd for C2oH23BiClN502 • 0.25 H20: C, 49.50; H, 4.88: N, 14.43. Found: C,

20 49.43; H, 4.81; N, 14.13.

g, 0.63 mmol) in dichloromethane ( 3.5 mL). The reaction mixture became homogeneous

Example 116

N-{2-[2-(4-Amino-7-bromo-2-propyl-

l/f-imidazo[4,5-c]pyridin-l -yl)ethoxy]ethyl} -N-cyclohexylurea

25

Cyclohexyl isocyanate (0.09 g, 0.69 mmol) was added dropwise to a suspension of

142<2-ammoethoxy)ethyl]-7-bromo-2^^
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for a short time and then a precipitate formed The precipitate was isolated by filtration

and washed with dichloromethane to provide 023 g ofa beige powder, which was
recrystallized from ethanol (1.5 mL) to provide 0.06 g of^{2.[2<4^mino.7-biomo-2.
propyM/Mimdazo[4^^ M^

5 mp 185-186 °C.

,HNMR(300MHz,DMS(W
tf)57.67(s, 1H), 6.20 (bs, 2H), 5.78 (d,/= 7.5 Hz, 1H)

5.65 (t,J= 5.3 Hz, 1H) 4.53 (t, 7= 5.7 Hz, 2H), 3.73 (t, 7= 5.7 Hz, 2H), 3.33 (t,7= 5.9

Hz, 2H), 3.07 (q, 7= 5.9 Hz, 2H), 2.85 (t,7= 7.5 Hz, 2H), 1.81 (sextet, 7= 7.5 Hz, 2H),
1.73-1.69 (m, 2H), 1.64-1.60 (m, 2H), 1.53-1.49 (m, 2H), 1.26-1.06 (m, 4H) 1.00 (t 7=

10 7JHz,3H);

MS (APCI) m/z 467/469 (M + H)
+
.

Anal. Calcd for C^Br^O,: C, 51.39; H, 6.68: N, 17.98. Found: C, 51.35" H, 6 73- N
18.05.

' '
'

15

20

Example 117

N- {2-[2-(4-Amino-7-hex-l-ynyl-2-propyl-

l/«nndazo[4,5-c]pyri^

DicWoiobis(triphenylphospnine)paUadium(II)
(0.25 g, 0.36 mmol) and copper (I)

iodide (0.14 g, 0.71 mmol) were added to a suspension (^taiiimgAr

-{2-[2-(4-amino.7.

bromo-2-propyl-U/.inn^

3.57 mmol), triemylamine (2 mL, 14 mmol), hexyne (1.23 mL, 10.7 mmol) and

acetonitrile(18mL). The reaction was heated to reflux and the progress was monitored by
25 high performance liquid chromatography. After 2.5 hours hexyne (1 eq.),

mcMombisOriphen^^

added. After an additional hour dicmorobi^triphenytohosphmeJpalladiumCII)
(0.1 eq) and

copper (I) iodide (0.2 eq) were added. After a total reaction time of 5.5 hr the reaction
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mixture was allowed to cool to ambient temperature and then it was concentrated under

reduced pressure to provide a dark oiL The oil was partitioned between dichloromethane

(200 mL) and saturated aqueous ammonium chloride (100 mL). The organic layer was

separated, washed with brine (100 mL), dried over sodium sulfate, filtered and then

5 concentrated under reduced pressure to provide a dark sludge. This material was purified

by chromatography (silica gel eluting with 95:5 dichloromethanemethanol) to provide 1.0

g ofa brown oil which was found to be a 85:15 mixture ofproduct and starting material.

Hie oil was combined with triethylaniine (1.5 eq), hexyne (1 eq.), acetonitrile (5 mL),

<KcUorobis(triphenylphosphine)palladium(ir) (0.1 eq), and copper (£) iodide (0.2 eq) and

10 then heated at reflux for 2 hr. The reaction mixture was allowed to cool to ambient

temperature and then stirred for 20 hr. The reaction mixture was concentrated under

reduced pressure to provide a dark oil. The oil was purified by chromatography (silica gel

eluting with 95:5 dichloromethane:methanol) to provide N- {2-[2-(4-amino-7-hex-l-ynyl-

2-propyl-

15 lH-imidazo[4,5-c]pyridin-l -yi)ethoxy]ethyl}methanesulfonamide as a colorless oil.

XRNMR (300 MHz, DMSO^j) 8 7.68 (bs, 1H), 6.99 (t, J= 6.0 Hz, 1H), 6.30 (bs, 2H),

4.55 (t, J= 5.7 Hz, 2H), 3.74 (t, J= 5.7 Hz, 2H), 3.41 (t,J= 5.7 Hz, 2H), 3.03 (q, /= 5.9

Hz, 2H), 2.86-2.81 (m, 5H), 2.46 (m, 2H), 1.83 (sextet, /= 7.5 Hz, 2H), 1.59-1.40 (m,

4H), 1.00 (t, /= 7.5 Hz, 3H), 0.93 (t, /= 12 Hz, 3H);

20 MS (APCI) m/z 422 (M + H)
+

.

Example 118

N- {2-[2-(4-Amino-7-hexyl-2-propyl-

l/f-imidazo[4,5-c]pyridin- 1-yl)ethoxy]eaayl}methanesulfonamide

25

Solid palladium on carbon (0.5 g of 10%) was added to a Parr vessel and then

wetted with isopropanol (1 mL). N- {2-[2-(4-Amino-7-hex- 1-ynyl-2-propyl-IH- .
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imidazo[4^-c]pyridin- 1~yl)ethoxy]ethyl}methanesulfonaiiiide (-0.5 g) was added to the

vessel followed by the addition ofmethanol (-10 mL). The vessel was placed on a shaker

and placed under hydrogen pressure (50 psi, 3.4X 10
5
Pa). After 20 hours the reaction

mixture was filtered through a layer ofCEL1TE filter agent to remove the catalyst and the

5 filter cake was washed with methanol (-100 mL). The filtrate was concentrated under

reduced pressure. The residue was purified by chromatography (silica gel eluting with

95:5 dichloromethanermethanol) to provide^2-[2^4-ammo-7-he^

imidazo[4,5-c]pyridm-^ as a dear oil.

*HNMR (300 MHz, DMSO-d,) 8 7.38 (s, 1H), 6.97 (t, 6.0 Hz, 1H), 6.00 (bs, 2H),

10 435 (t, J= 5.7 Hz, 2H), 3.68 (t, J= 5.7 Hz, 2H), 337 (m, 2H), 3.00 (q, 5.9 Hz, 2H),

2.84 (t, /= 7.5 Hz, 2H), 2.82 (s, 3H), 2.72 (t, J= 7.5 Hz, 2H), 1.81 (sextet,J= 7.5 Hz,

2H), 1.55-1.50 (m, 2H), 137-1.28 (m, 2H), 1.01 (t, J= 7.5 Hz, 3H), 0.89-0.84 (m, 3H);

MS (APCI) m/z 426 (M + H)
+

.

15 Example 119

4-[3-(4-Ammo-6,7-dime^

sulfonyi]-i\T-butylbenzamide

O

The general methods described in Example 101 were followed with the following

20 modifications. To one-third ofthe crude solution of4-[3-(5,6-dimethyl-8-propyl-7#-

inridazo[4,5-c]tetrazolo[U in

dichloromethane, described in Part B ofExample 101, was added butyiamine (0.49 mL,

4.9 mmol) in lieu ofmorpholine, and the reaction was stirred overnight Additional

butyiamine (0.5 mL) was added, and the reaction was stirred for two hours.

25 Dichloromethane (100 mL) was added to the reaction mixture, and the resulting solution

was washed with saturated aqueous sodium carbonate (3 x 25 mL), water (3 x 25 mL),

10% by volume acetic acid in water (3 x 30 mL), and water (30 mL), dried over sodium
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sulfate, filtered, and concentrated under reduced pressure. The crude product was dried

for three hours in a vacuum oven at 100 °C and then triturated with ethyl acetate to

provide a solid that was isolated by filtration and dried for three hours in a vacuum oven at

90 °C. tf-Butyl^[3-(5,6HiimethyW

5 yl)propane-l-sulfonyl]benzamide (830 mg, 1.62 mmol) was treated as described in Part C

ofExample 101 . The crude product was purified by column chromatography on silica gel

(eluting sequentially with chloroform and 90:10 chloroformmethanol) to provide the

product as an oil, which was recrystallized from ethyl acetate:hexane with a few drops of

methanol to yield crystals. The crystals were isolated by filtration, washed with hexanes,

10 and dried in a vacuum oven at 80 °C to provide 0.18 g of4-[3-(4-ammo-6,7-dim

propyi-l#-inridazo[4,5-c]p^ as a white

powder, mp 147.0-149.0 °C.

lHNMR (300 MHz, CDC13) 6 7.83-7.75 (m, 4H), 6.71-6.63 (m, 1H), 4.83 (br s, 2H), 4.35

(dd, J= 7.2, 72, 2H), 3.50 (quart, J= 7.2, 2H), 3.05 (dd, /= 7.5, 7.5, 2H), 2.74 (dd,/=

15 7.7, 7.7, 2H), 2.35 (s, 3H), 2.28 (s, 3H), 2.13 (quint, 7= 7.4, 2H), 1.84 (sextet, 7= 7.6,

2H), 1.73-1.62 (m, 2H), 1.46 (sextet,/- 7.3, 2H), 1.05 (t, J= 7.3, 3H), 0.99 (t,7= 7.3,

3H);

MS (APCI) m/z 486 (M + H)
+

;

Anal. Calcd for C25H35N5O3S: C, 61.83; H, 7.264; N, 14.42; Found: C, 61.50; H, 7.2; N,

20 14.06.

Example 120

4-[3-(4-Ammo-6,7-dmethyl-2-^

sulfonyl]-^-butyl-iV-meth>iben2amide

The general methods described in Example 101 were used with the following

modifications. To one-third of the crude solution of4-[3-(5,6-dimethyl-8-propyl-7//-
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imidazo[4^]te^^^
chloride^

dichloromethane, described in Part B ofExample 101, was added tf-methyl butylamine
(0.583 mL, 4.92 mrnol) in lieu ofmorpholine, and the reaction was stirred overnight.

Additional Mmethyl butylamine (0.5 mL) was added, and the reaction was stirred for two
hours. The crude product was recrystaliized from ethyl acetate:hexane, and the crystals

were dried for three hours in a vacuum oven at 90 °C. MButyl^[3-(5,6-dimethyl-8-

pmPyl-7tf-inndazo[^

benzamide^Omg, 1.46 mrnol) was treated as described in Part C ofExample 101. The
crude product was recrystaliized from ethyl acetaterhexane with a couple drops of
methanol to provide crystals, which were isolatedby filtration, washed with hexane, and
dried for four hours under high vacuum at 50 «C to provide 0.56 g of4-[3-(4-aniino-6,7-

dimemyl-2.propyl-l/f-mudazo[4,5-c]pyridm4-yl)pr^

methylbenzamide as a white powder, mp 127.0-129.0 «C. «HNMR (300 MHz, CDCfe) 8
755 (d, J= 8.4, 2H), 7.58 (d, J= 8.4, 2H), 4.92 (br s, 2H), 4.42 (dd, /= 7.8, 7.8, 2H), 3.55
(dd, J= 7.8, 7.8, 1H), 3.21 - 3.05 (m, 4.5 H), 2.90 (s, 1.5 H), 2.77 (dd, /= 7.7, 7.7 2H)
2.43 (s, 3H), 2.39 (s, 3H), 2.23 (quint,7= 7.6, 2H), 1.93-1.36 (m, 5H), 1.15 (quart,'/= 7.5,
1H), 1.07 (t,y= 7.4, 3H), 0.99 (t,y=7.0, 1.5H), 0.81 (t,/=7.4, 1.5H);

MS (APCI) m/z 500 (M + H)+
;

Anal. Calcd for C^NsC^S: C, 62.50; H, 7.464; N, 14.02; Found: C, 62.26; H 7 78- N
20 13.87.

'
'

Example 121

l-[2-(2-Ammoefcoxy^

amine.

NH
2

25 ^NH,

PartA

15
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Under a nitrogen atmosphere, propanenitrile (120 mL, 1-7 mmol) was added

dropwise to malonyl dichloride (100 g, 0.709 mmol), and the reaction was stirred for 24

hours at room temperature during which time a precipitate formed. Dioxane (300 mL)

was added to the reaction mixture, and the precipitate was isolated by filtration and

washed with dioxane (100 rnL) to provide a tan solid. The solid was dissolved in a

mixture ofdioxane (75 mL) and methanol (30 mL) with heating. The methanol was

removed under reduced pressure, and a white precipitate formed, which was isolated by

filtration and washed with dioxane. The solid was dried overnight in a vacuum oven at 80

°C to provide 13.0 g of6^Uoro^hydroxy-5-methylpyridin-2(lfl)-one hydrochloride

hydrate as a white solid.

PartB

A solution of 6^hloro^hydroxy-5-methylpyridin-2(lfl)-one hydrochloride

hydrate (67.0 g, 0.313 mmol) in concentrated sulfuric acid (335 mL) was cooled to -0 °C;

nitric acid (19.6 mL of 16M) was added dropwise over a period of ten minutes. The

reaction was stirred for 20 minutes and then poured slowly into 2.5 L of ice water. A

yellow precipitate formed, which was isolated by filtration and dried overnight in a

vacuum oven at 60 °C to provide 39.7 g of6-chloro-4-hydroxy-5-methyl-3-nitropyridin-

2(l/f)-one as a yellow solid

PartC

A solution of6-chloro^hydroxy-5-methyl-3-rdtropyridin-2(l//)-one (10.9 g, 53.4

mmol) in dichloromethane (380 mL) was cooled to 0 °C. Triethylainine (22.3 mL, 160

mmol) was added, and the solution was stirred for ten minutes. Trifluoromethanesulfonic

anhydride (18.0 mL, 107 mmol) was then added dropwise over a period of five minutes,

and the solution was stirred for 1 .5 hours at 0 °C. A solution of terf-butyl 2-(2-

aminoethoxy)ethylcarbamate (12.0 g, 58.8 mmol), prepared as described in Parts A

through D ofExample 102, in a small amount of dichloromethane was then added over a

period of five minutes, and the reaction was allowed to warm to room temperature slowly

and stirred overnight The solution was then washed with water (2x150 mL) and brine

(150 mL), dried over magnesium sulfate, filtered, and concentrated under reduced

pressure. The residue was purified by column chromatography on silica gel (eluting

sequentially with 80:20 hexanesiethyl acetate and 50:50 hexanes:ethyl acetate) to provide

a yellow oil, which was dissolved in diethyl ether and concentrated under reduced pressure
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10

to provide 16.5 g oftrifluoromethanesulfomc acid 4^[(2-{2-[(tert.

butoxycarixmyOaminoletho^ethylJaminoJ^mo^
ester

as a solid.

PartD

A solution oftrifluoromethanesulfomc acid 4-[(2-{2-[(tert-

(14.3 g, 27.4 mmol), bis(4-methoxybeii2yl)amine (7.00 g, 27.4 mmol), and triemylamine

(3.82 mL, 27.4 mmol) in toluene (250 mL) was heated at 90 °C for two hours and then

allowed to cool to room temperature overnight Diethyl ether (300 mL) was added, and
the solution was washed with water (200 mL) and brine (200 mL), dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified twice
by column chromatography on sffica gel (eluting sequentially with 80:20 hexanes:ethyl

acetate and 70:30 hexanes:ethyl acetate) to provide 8.73 g of {2-[2-(2-[bis{4-

memoxybenzyl}ammo]^Uoro-5-memyW-nitropyridin-4-

15 ylamino)ethoxy]ethyl}carbamic acid tert-butyl ester.

PartE

Under a nitrogen atmosphere, sodium borohydride (0.76 g, 20.0 mmol) was added
in two portions to a solution ofnickel (H) chloride hydrate (1.57 g, 6.62 mmol) in

methanol (160 mL), and the mixture was stirred at room temperature for 15 minutes. A
solution of {2-[2-(2-[bis{4-methoxyb

ylammojethoxylethyllcaroamic acid tort-butyl ester (8.37 g, 13.3 mmol) in methanol (10
mL) and dichloromethane (10 mL) was then added, and the addition funnel was rinsed

with a mixture ofmethanol (10 mL) and dichloromethane (10 mL). The reaction was
stirred for two hours, during which time additional sodium borohydride was added three

times(0.5g,0.5,gandl.0g). Water (200 mL) was then added, and the methanol was
removed under reduced pressure. The remaining solution was extracted with diethyl ether

(700 mL, 300 mL), and the combined extracts were washed with water (200 mL) and brine

(200 mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure
to product the crude product wntarriinated with water. Toluene (300 mL) was added and
then removed by distillation to provide [2^2-{3-amino-2-[bi^^

6^Moro-5-mefcybyridm+yi^^
acid /grt.butyI^^

was used in PartF without further purification.

20

25

30
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PartF

The material from Part E was treated using the general method described in Part E

ofExample 85 with the following modification, Pyridiniump-toluenesulfonate (0.1

equivalent) was used in lieu ofpyridine hydrochloride. The crude product was purified by

.5 column chromatography on silica gel (eluting sequentially with 80:20 hexanesrethyl

acetate and 70:30 hexanesrethyl acetate) to provide 5 g of [2-(2-{4-[bis-<4-

methoxybenzyl)amino]-6^hlorcH7-meth^

yl} ethoxy)ethyl]carbamic acid terf-butyl ester, which was dissolved in dichloromethane

and concentrated under reduced pressure several times.

10 PartG

Trifluoroacetic acid (40 mL) was added to [2-(2-{4-[bis-(4-

methoxybenzyl)amino]-6-cMoro-7-methyW^

yl}ethoxy)ethyl]carbamic acid ferf-butyl ester (1 g, 1.5 mmol). The reaction was swirled

until it became homogeneous and was allowed to stand at room temperature overnight

15 The reaction was concentrated under reduced pressure, and dichloromethane was added

and removed under reduced pressure (5 x 40 mL) to provide a white solid. The solid was

triturated in chloroform, isolated by filtration, and dried under reduced pressure with

heating. The solid was dissolved in concentrated hydrochloric acid (5 mL) and stirred for

three hours. Aqueous sodium hydroxide was then added. A white solid formed, which

20 was isolated by filtration, washed with water and diethyl ether, and dried for five hours

under high vacuum at 70 °C to provide 0.144 g of l-[2-(2-aminoethoxy)ethyI]-6^hlon)-7-

methyl-2-propyl-l//-imidaz£[4,5^]pyridin^amine as a white solid, mp 158.0-161.0 °C,

*HNMR (300 MHz, DMSO-d^) S 6.15 (br s, 2H), 4.43 (t, J= 5.4, 2H), 3.67 (t, J= 5.3,

2H), 3.27 (t, J= 5.7, 2H), 2.84-2.79 (m, 2H), 2.54 (t,J= 5.7, 2H), 2.47 (s, 3H), 1.86-1.74

25 (m,2H),1.19(brs,2H), 1.00(t, J=7.3,3H);

MS (APCI) m/z 312 (M + H)
+
;

HRMS (ESI) calcd for C14H22N5OCI + H 312.1591, found 312.1588;

Anal, calcd for CmH^sOCHK^O: C, 53.31; H, 7.16; tf, 22.20. Found: C, 53.34; H,

7.23; N, 22.02.
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Example 122

2-EthoxymethyWJ^^

c]pyridin-4-amine

1 s

NH
2

JOT

5 PartA

The general methods described in Parts A and B ofExample 111 were used to

prepare acetic acid 2-[(2n;moro-5,6^e%l-3-mtropyridm4-yl)ammo]ethyi ester.

Using the general method described in PartA ofExample 92, acetic acid 2-[(2-chloro-5,6-

dimethyW^tropyrito^aminojethyl ester (64.0 g, 0.222 mmol) was converted to

10 acetic acid 2<(5,6^etoyl-8-mtrotetrazo^ The
crude product was triturated with diethyl ether and isolated by filtration to provide 60.0 g
ofthe desired product as a yellow solid.

PartB

A Parr vessel was charged with acetic acid 2-[(5,6^nmethyl-8-nitrotetrazolo[l,5-

15 aJpyridm-7-yl)amino]ethyl ester (50.0 g, 170 mmol), 5% platinum on carbon (5.00 g),

toluene (600 mL), and 2-propanol (50 mL) and purged with nitrogen. The vessel was then

placed under hydrogen pressure (20 psi,) for 20hoursatroom temperature. The reaction

mixture was filtered through a layer ofCELTTE filter aid, and the filter cake was washed
with 90:10 dichloromethane:methanol. The filtrate was concentrated under reduced

20 pressure to provide a dark gray solid, which was triturated with diethyl ether, isolated by
filtration, and dried to provide 41.0 g of acetic acid 24(8-ammo-5,6^nmethyltetrazolo[U-

a]pyridm-7-yl)amino]ethyl ester as a light gray solid.

PartC

The general methods described in Parts G andH ofExample 80 were used to

25 convert acetic acid 2-[(8-ammo-5,6^emyltetrazoM
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ester (48.8 g, 185 mmol) to 56.5 g ofacetic acid
2-(8-ethoxymethyl-5,6Kiimethyl-7if-

umdazot4^c]tetrazolo[l.^Jpyridin-T-yDethyl
ester with the Mowing modifications.

In Part H, one portion ofpyridine hydrochloride (6.3 g, 54 mmol) was added, and the

reaction was heated at reflux for 20 hours. After the work-up, the desired product was

5 obtained as a tan solid, which was used without purification.

PartD

The general method described in PartF ofExample 111 was used to convert acetic

acid2<8-ethoxymemyl^

ester (56.5 g, 170 mmol) to 2-(8^oxvmemyl-5,6-dmiemyl-7H-intida
Zo[4>

10 cltetrazololUS-alpyridin^-yl^ol. The crude product was purified by column

chromatography on silica gel (1.2 kg, elating with 90:10 dichloromethanennethanol) to

provide 48.25 g ofthe desired product

PartE

The general method described in Part A ofExample 81 was followed, using 2-(8-

15 efhoxymemyl-5,6-to^
(4'51

g, 15.5 mmol) in lieu of tert-butyl 2-hydroxyethylcarbamate and 3-bromo-l-

phenylpropyne, prepared as described in Part A ofExample 7, in lieu ofpropargyl

bromide. The crude product was triturated with diethyl ether, isolatedby filtration, and

dried under reduced pressure to provide 5.93 g of 8-emoxymemyl-5,6-dimethyl-7-{2-[(3-

20 phenylprop-2-ynyl)oxy]emyl}^^

solid.

PartF

The general method described in PartD ofExample 109 was followed using 8-

etooxymethyl-5,6^emy^^

25 c]tetrazolo[l,5-afe^^
The reaction with

triphenyl phosphine (4.61 g, 17.6 mmol) required 41 hours, and the hydrolysis of the

intermediate required 18 hours. The crude product (11.6 g) was dissolved in

dichloromethane and treated with a 1 M solution ofhydrochloric acid in diethyl ether (80

mL). The volatiles were removed under reduced pressure, and the resulting solid was

30 recrystallizedfromacetonitrile. The crystals were dissolved in water (20 mL), and the

solution was adjusted to pH 14 with the addition of50% aqueous sodium hydroxide to

provideasoUdthatwasisolatedbyfiltration. The solid was stirred wtih 1 M aqueous
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potassium hydroxide for one hour, isolated by filtration, dried for three days under reduced

pressure at 70 °C to provide 0.828 g of2^oxymethyW,7-dimethyl-l-{2-[(3-

phenylprop-2-vnyOoxyJe^ ^ &^ ^
129-130 °C.

5 'HNMR(3()0MH^DMSO)6734-7J9(iii,5H),5.80(s,2H),4.69(8,2H),4.58(t,J=

5.6 Hz, 2H), 4.37(s, 2H), 3.89 (t, /= 5.6 Hz, 2H), 3.51 (q,/= 6.9 Hz, 2H), 2.39 (s, 3H),

2.32 (s,3H), 1.13 (t, ./= 7.2, 3H);

MS (APCI) m/z 379 (M + H)+;

Anal. Calcd forC^^O^l^O: C, 69.49; H, 6.94; N, 14.73; Found: C, 69.25; H,
10 7.00; N, 14.65.

15

20

Example 123

2-EthoxymemyW,7^ethyl-l-[2-(3-phenylpropoxy)ethyl]-l^

c]pyridin-4-amine hydrochloride

The general method described in Example 1 12 was used to hydrogenate 2-

emoxymemyW,7^emyl.l-{2-[(3-phen
yiprop-2-ynyl)oxy]

c]pyridm-4-amine (1.17 g, 3.09 mmol), prepared as described in Example 122. The
reaction was complete after 1 8 hours. The crude product, isolated as an oU, was dissolved

with diethyl ether (20 mL) and treated with a 1 M solution ofhydrochloric acid in diethyl

ether. The resulting salt was isolated by filtration, dried under reduced pressure, and
recrystaffizedfiom ethyl acetate. The crystals, obtained in two crops, were dried for three

hours under high vacuum at 60 »C to provide 0.777 g of2-ethoxymethyl-6,7-dimethyl-l-

P-O-phenylpiopoxy)^
hydrochloride as a white

25 powder, mp 128-130 °C.
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10

(m,2H) >
4.79(s>

2H)>

4.67(U=5.0Hz,2H),3.73(U=5.3Hz,2H),3.55(q,y=7.1

Hz, 2 H), 3.27 (t,J= 5.9 Hz, 2 H), 2.45 (s, 6H), 2.38 (t, /= 7.8 Hz,2H), 1.65 (p,J- 7.5,

6^Hz,2H),1.15(t,/=6.9,3H);

MS (APCI) mlz 383 (M+ H)
+

;

AnaL Calcd forMaWVlHCl: C, 63.07; H, 7.46; N, 13.37; Found: C, 63.01; H, 7.48;

N, 13.29.

Example 124

l-{2-[2-(4-Aiiimo-2-emyl-6,7^^

yl)ethoxy]e1hyl}pyrroliiidin-2-oQe

PartA

2^2-(8-Efoyl-5,6^iimemyl-7J/-n^^

15 yDethoxylethylamine (2.0 g, 6.6 mmol), obtained as described in Parts A through I of

Example 102 was treated as described in Part J ofExample 102 with 4-chlorobutyryl

chloride (0J8 mL, 6.9 mmol) in lieu ofmethanesulfonyl chloride. The crude product was

purifiedby column chromatography on silica gel (125 mL, eluting with 90:10

dichloromethane:methanoD to provide 2.30 g of4^Uoro-iV-{2-t2K8-ethyl-5 )
6^1imethyl-

20 Ttf-imidazo^S*]^
25
*
wWte^

mp 149-151 °C.

PartB

Under a nitrogen atmosphere, a mixture of sodium hydride (0.24 g, 6.1 mmol),

60% in mineral oil, and anhydrous DMF (10 mL) was cooled to~0°C. A solution of4-

25 cbJoio-AH2-[2<8-ethyl-5,^

yl)e1hoxy]ethyl}butanamide (2.25 g, 5.52 mmol) inDMF (35 mL) was slowly added to the

nixture and the reaction was stirred for one hour. The volatiles were then removed under
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reduced pressure, and the residue was partitioned between water (100 mL) and

dichloromethane (100 mL). The aqueous layer was extracted with dichloromethane (2 x

100 mL), and the combined organic solutions were dried, filtered, and concentrated under

reduced pressure to provide 1.94 g ofa light orange solid The solid was combined with

5 crude product from a previous run (1.45 g) and purified by column chromatography on
silica gel (150 mL, during with 95:5 dichloromethaneanethanol) to provide 2S6 g of 1-

{H2{8-ethyl-5,6-dimetoyl-7iM

yl)emoxy]emyl}pyiToKdin-2-one as a white solid, mp 141-143 °C.

PartC

10 MM2^Efoyl-5,6-dime&yl-7/M^

yl)emoxy]emyl>pyrroHdin-2-one (2.86 g, 7.70 mmol) was treated using a modification of
the general method described in Part D ofExample 109. 1,2-DicMorobenzene was used as

the solvent, and the reaction was heated at 130 °C for two days. The crude product was
purified by column chromatography on silica gel (150 mL, eluting with 80:20

15 dichloromethaneanethanol) to provide 2.03 g ofa light brown oil, which solidified

overnight The solid was recrystallized from acetonitrile (4.9 mL/g) twice and dried for

two days in a vacuum oven at 50 °C to provide 0.97 g of 1- {2-[2<4-amino-2-ethyl-6,7.

dimemyl-ltf-imiciazo^ m a wfaite^
mpl28-130°C. ,

HNMR(300MHz,CDC13)54.84(s,2H),4.42(t,y=5.5HZ,2H),
20 3.71 (t, J= 5.5, 2H), 3.50-3.44 (m, 2H), 3.40-3.34 (m, 2H), 3.14-3.08 (m, 2H), 2.87 (q, /==

7.5, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.32-2.22 (m, 2H), 1.91-1.79 (m, 2H), 1.40 (t, /= 7 5

3H);

MS (APCI) m/z 346 (M + H)
+

;

Anal. Calcd forCgH^NsOz: C, 62.59; H, 7.88; N, 2027. Found: C, 62.58; H, 8.16; N,
25 20.51.

Example 125

^{2-[2-(4-Ammo-6-cWoro-7-memyl-2-propyl-l/y-imidazo[4,5^^

yl)e1hoxy]emyl}benzamide
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rHNMR(300MHZ.CDa1) 6 7.«-7.59(W 2H),7.53-7.4Hm,3H)> 6aS^nO,

15 5.01(te ,2H),4.45(t,/= 5.5.2H).3,6M= 5.5.2H),3^3(m,4H), 183.2.78(m,

2H), 2,55 (s,3H), UH79 (m, 2H), l .03 ft^JUH);

.

MS(APCI)oiA4l6(M + a)*;

HBMS(ESDci1cdfcrC!,HMNiOiCl + H416.1853.fo»>»1416.1856;

^.ldLc1,HMN1O1C1:C. 60MH.6.34i
H.«.84.F«»l:C,«0.6l;H.«34.N,

20 16.74.

Compounds ofthe invention havebeen found to induce cytokine biosynthesis

when tested using the method described below.

25
CYTOKINE INDUCTION INHUMAN CELLS

An in vitro human blood cell system is used to assess cytokine induction.
Activity

isoasedonthemeasuxe^
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10

15

20

30

a, respectively) secreted into culture media as described by Testerman etal.In "Cytokine

Induction by the Immunomodulators Imiquimod and S-27609", Journal ofLeukocyte
Biology, 58, 365-372 (September, 1995).

Blood Cell Preparation for Culture

Whole blood fiom healthy human donors is collected by venipuncture into EDTA
vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated fiom whole
blood by density gradient centrifugation using Histopaque®-1077. Blood is diluted 1:1

with Dulbecco's Phosphate Buffered Saline (DPBS) or Hank's Balanced Salts Solution

(HBSS). ThePBMC layer is collected and washed twice withDPBS or HBSS and
resuspended at 4 x 10

s
cells/mL in RPMI complete. The PBMC suspension is added to 48

well flat bottom sterile tissue culture plates (Costar, Cambridge,MA or Becton Dickinson
Labware, Lincoln Park, NJ) containing an equal volume ofRPMI complete media
containing test compound.

Compound Preparation

The compounds are solubilized in dimethyl sulfoxide (DMSO). TheDMSO
concentration should not exceed a final concentration of 1% for addition to the culture

wells. The compounds are generally tested at concentrations ranging from 30-0.014 uM

Incubation

The solution oftest compound is added at 60 uM to the first well contauiing RPMI
complete and serial 3 fold dilutions are made in the wells. ThePBMC suspension is then

added to the wells in an equal volume, bringing the test compound concentrations to the

25 desired range (30-0.014 uM). The final concentration ofPBMC suspension is 2 x 10
6

ceLVmL. The plates are covered with sterile plastic lids, mixed gently and then incubated
for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere.

Separation

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm (-200
x g) at 4<C. The cell-free culture supernatant is removed with a sterile polypropylene pipet

and transferred to sterile polypropylene tubes. Samples are maintained at -30°C to -70°C
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IGEN Assay.

IFN-a and TFN-o Analysis by ELISA

M.** Oaaanlto. C*. Alternately, theTNF-a coaceabaaoa caabe daenataedby

„
^aoa^Oai^m^iaaaaaoas.ya^a^TW^^a.d

expressed in pg/mL.

Ttec^W.diKl«a»..f«»I^P^*»^

iaco,^ Tacpt^.iav.ado.baabecadescnW^refe.eaceto^

^bodaaeatste^C Tbefo^otaedaaileddes.ripdoatavi.xampteaaveb^

Ltioa. naS,*e^ofteia^o.*oa,dao.beaa,ted
tt*e^,d^o^

l^aad^dcscnl.odb^bat^by^^o^ataasta,

follow.

25

30
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WHAT IS CLAIMED IS:

1
.

A compound ofthe Formula (la):

5

fla)

10 wherein:

X is -CH(R5>, -CH(R5)-alkylene-, -CH(R5)-alkenylene-,

or CH(R5>alkylene-Y-allcylene-;

Yis-0-,or-S(0)o.r-;

-W-R, is selected from -0-Ru.5 and -SCO^-R^;
15 Rui-5 is selected from

-Rs-C(R7)-Z-R,-alkyl;

-Rs-C(R7)-Z-R,-alkenyl;

-Rs-C^Z-Rj-aryl;

-R«-C(R7)-Z-Rg—heteroaryk

20 -Rs-CCRT^-Z^-Rr-heterocyclyl;

-R6-CCR7>-Z-H;

-Rff-N(R9)-C(R7)-R8-aIkyl;

-Rff-N(R9)-C(R7)-Rg-alkenyl;

-Rs-N^H^R^ltg^ryi;

*5 -Rs-N(R,)-€(R7)-R8-heteroaryl;

-R<rW(R9)-C(R7)-RHieten)cyclyl;

-R5-N(R9)-C(R7)-Rio;

-Rfi-N^-SCb-Rg-alkyl;

-R6-N(R9)-S02-Rg-alkenyl;

0 -Rfi-NCRs^Qr-Rr-aryl;

-Rf-NCRg^Or-RHieteroaryl;
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-Rs-N(R9)-SOr-R8-heterocyclyl;

-R6-N(R9)-S02-R!o;

-R6-N(Ro)-S02-N(R5>RralkyU

-Rfi-NCRsVSOj-NCRsVRralkenyl;

-R6-N(Rs)-SOrN(R5)-R8-aiyl;

-R«-N(R9)-SOrN(R5>R«-heteroaryl;

-R6-N(R9>SOrN(R5>Rs-heterocyclyl;

-R6-N0R9>SOrNH2;

-R6-N(R9>-C(R7)-N(R5)-Q-Rr-alkyl;

-R^N(R9)^(R7)-N(R5)-CHU-alkenyl;

-Rfi-N(R9)-C(R.7)-N(R5)-Q-R«-aryl;

-Re-H(R»)- C(R7)-N(R5)-Q-Rr-heteroaryl;

.R5-N(R9>- C(R7)-N(R5)-Q-Rr-heterocyclyl;

-R4-N(R9)-C(R7)-N(R5)2;

-R^t^-CCR^N A;

-R<rN(R9)-C(R7)-N(Rn)-Q-R8-alkyi;

-Rfi-N(R9HXR7)-N(RnHh-R8-aryl;

-Rfi-N(R9>- C(R7)-N(Rn)-Q-Rr-heteroaryl;

-R«-N(R9>- C(R7)-N(R,i>-Q-R8-heterocyclyl;

-R5-N(R9)- C(R7)-N(Rn)H;

-alkenyl;

-aryl;

-R«-aryl;

-heteroaryl;

-heterocyclyl;

-R$- heteroaryl; and

-Rff-heterocyclyl;

Z is-N(R5)-, -O-. «

Q is a bond, -CO-, or -SOr-;
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icor
A represents the atoms necessary to provide a 5- or 6-membered heterocyclic

heteroaromatic ring that contains up to three heteroatoms;

Ri-6 is selected fiom:

-alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

-R<r-aryi;

-Re- heteroaryl; and

-R^-heterocyclyl;

eachR5 is independently hydrogen, CM0 alkyl, orC2-io alkenyl;

R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or
more -O- groups;

R?is=Oor=S;

R* is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one
or more -0- groups;

R, is hydrogen, C,.,0 alkyl, or arylalkyl; or R, canjoin together with any carbon
atom ofRj to form a ring ofthe formula

(^2)3-8
>

R,o is hydrogen or CM0 alkyl; or R, andR10 canjoin together to form a ring
selected from

~N-C(R7) —N-S02

^2
and *« .

Ru is d.,o alkyl; or R, and R„ canjoin together to form a ring having the

structure

— N-C(R7)

( y-
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R12 is C2-7 alkylene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring; and

Rog Ry andRz are independently selected from hydrogen and non-interfering

substitutents;

S or a pharmaceutical^ acceptable salt thereof, wherein the compound or salt ofFormula la

induces the biosynthesis ofone or more cytokines.

2. A compound ofthe Formula (lb):

10

(lb)

15 wherein:

X is -CH(R5)-, -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or

CH(R5>alkylene-Y-alkylenes

-W-Ri is selected from -O-R1-1-5 and -S(0)o.2-Ri^;

20

25

30

R1.1.5 is selected from

4t<rC(R7}-Z^R«-alkyl;

-R6-C(R7)-Z-R«-alkenyl;

-R6-C(R7>-Z-R«-aryl;

-R^-C(R7)-Z-Rs—heteroaryl;

-R6-C(R7>-Zr-R«-heterocyciyi;

-R*-C(R7)-£-H;

-Rr-N(R9) -C(R7)-R«-alkyl;

-R^-N(R9) -C(R7)-R«-alkenyl;

-R(rN(R9)-C(R7)-Rs-aiyl;

-R^N(R9)--C(R7)-R«-ieteroaryl;

-Rr-N(R9)-C(R7)-Rs-4ieterocyclyl;
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-R«-N(R,)-C(R7)-R1o;

-R«-N(R9)-S02-Rg-alkyl;

-R^-N(R9)-S02-Rs-alkenyl;

-R«-N(R9>-S02-Riraiyl;

-R^CR^Oz-Rjrheteroaiyl;

-IVN(R9)-S02-RHieterocyclyl;

-R^-N^-SOz-R^;

-Rs-NCR^SOz-NCRsMU-alkyU

-Re-NfR^SCb-Nais^Rg-alkenyl;

^-NCRs^SOz-N^Rraryl;

-R^-NCRs^SQz-N^Rg-heteroaryl;

-R6-N(R9)-S02-N(R5)-Rs-heterocyclyl;

-R6-N(R9)-S02-NH2 ;

-RrN^^C^-NCRsKhlU-alkyl;

-Rs-N^KXR^NCRsH^-Rs-alkenyl;

-R6-N(R9>-C(R7)-N(R5>-Q-IVaryl;

-Rs-N(R9>- C(R7>-N(R5)-Q-RHieteroaryl;

-RtrN(R9>- CCRT^-N^sKl-Rs-heterocyclyl;

-R<-N(R9)—C(R7)—N(R5)2;

-Re-N^hC^y-N^^-R^-alkyl;

-Rs-N^^^-NCRnHh-Rg-alkenyi;

-RrNCRsVC^V-NCRuKJ-Rj-aryi;

-Rff-NCR,)- C(R7)-N(R,,)-Q-RHieteroaryl;

-Rs-NCR,)- C^J-NCRnKJ-Rg-heterocyclyl;

-R^-NfR,)- C(R7)-N(Ru)H;

-alkenyl;

-aiyl;

-R«-aryl;

-heteroaryl;

-heterocyclyl;
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-R$- heteroaryl; and

-Rg-heterocyclyl;

Ri_6 is selected from:

-alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

-Rfi-aryl;

-R$- heteroaryl; and

-Rs-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

25 -halogen;

-N(R5)2;

-C(0>Cmo alkyl;

-C(0>0-Ci.io alkyl;

-N3;

30 -aryl;

-heteroaryl;

.
-heterocyclyl;
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5

-C(0>aryl; and

-C(0>heteroaryi;

Yis-0-or-S(0)o.2-;

Zis-N(R5K-0-,or-S-;

Q is a bond, -C(0)-, or-SOrS

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or

heteroaromatic ring that contains up to three heteroatoms;

R3 and R, are independently selected from the group consisting ofhydrogen,d
alkyl, C2-io alkenyl, C2-io alkynjd, C,.I0 alkoxy, Cwo alkylthio, amino, alkylamino,

10 (halkylamino, halogen, and nitro;

eachR5 is independently hydrogen, CM0 alkyl, or Cwo alkenyl;

R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

R7is=Oor=S;

15 Rg is a bond, alkylene, alkenylene, or alkynylene, which maybe interrupted by c

or more -O- groups;

R> is hydrogen, CMo alkyl, or arylalkyl; orR9 can join together with any carbon

atom ofR< to form a ring ofthe formula

20 Rio is hydrogen or CM0 alkyl; or R> andR!0 canjoin together to form a ring

selected from

— N-C(R7) —N-S02

Ru is Cmo alkyl; or Rg and R„ canjoin together to form a ring having the

structure

-N-CtR,)

25
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OT a pharmaceutical^
acceptable salt thereof.

3. A compound ofthe Formula (I-l):

10 wherein:

X is -CH(Rs>, -CH(R5>alkylene-, -CH(R5)-alkenylene-,

CH(R5
)-alkylene-Y-alkylene-;

Ri-i is selected from the group consisting of:

_R^(R7)-Z-I^-alkyl;

15 -R^(R7
)-Z-R8-a]kenyl;

-IVC(R?>-Z-R«-aryl;

.R^_C(R7)_Z-R«-heteroaryl;

-R«-C(R7)-z-R«-heterocyclyl;

-R«-C(R7)-Z-H;

-IV-N(R9) -C(R7
)-R8-alkenyl;

-Rr-N(R9HXR7>-Rr-aryl;

-Rr-NCRshCCRTV^eteroaryl;

-R^N^HXRTV-Rr^eterocyclyl; and

25
-R6-N(R9)-C(R7)-Rio;

Zis-NCRsH-O-. 01 "8-;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

30 -alkenyl;

-aryl;
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-heteroaryi;

-heterocyclyl;

-alkylene-Y-alkyI;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-NCRsfc

-C(0)-Ci-ioalkyl;

-C(0)-0-CMo alkyl;

-N3 ;

-aryl;

-heteroaryi;

-heterocyclyl;

-C(0)-aryl;and

-C(0)-heteroaryl;

Yis-0-or-S(0)o.2-;

R3 and R4 are independently selected from the group consisting ofhydrogen, C,.10
alkyl, C2-,0 alkenyl, C2.10 alkynyl, C,.,0 alkoxy, G,.10 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitio;

each R5 is independently hydrogen, C,.,0 alkyl, or Gho alkenyl;

Rs is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

R7is=Oor=S;

R* is a bond, alkylene, alkenylene, or alkynylene which maybe interrupted by one
or more -O— groups;

R9 is hydrogen, CM0 alkyl, or arylalkyl; or R, canjoin together with any carbon
atom ofR« to form a ring ofthe formula
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(CH2)3^

R10 is hydrogen or Cm. alkyl; or R9 andRl0 canjoin together to form a ring

selected from

-N-C<R7)

;and

5 R|2 is C2.7 alkyiene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring;

or a pharmaceutical^ acceptable salt thereof.

10 4. A compound or salt ofclaim 3 whereinR3 and R4 are independently hydrogen,

alkyl, halogen, or nitro.

5. A compound or salt ofclaim 3 whereinR3 and R4 are both methyl.

15 6. A compound or salt ofclaim 3 whereinX is -CH(Rs)-Ci.s alkyiene-.

7. A compound or salt ofclaim 3 whereinR7 is =0 andRg is abond.

8. A compound or salt ofclaim 3 wherein R2 is hydrogen.

20

9. A compound or salt ofclaim 3 whereinR2 is alkyl.

10. A compound or salt ofclaim 3 whereinR2 is -alkylene-O-alkyl.

25 U. A<5onmoundorsdtofclaim3whereinR9isC1.ioalkyl.

12. A compound or salt ofclaim 3 whereinRm is -R^(R9W7>-R8-aIkyl.
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13. A compound or salt ofclaim 3 wherein R,., is -Rs-N(R9>-C{R7)-R8-aryl or -Rr-
N(R9)-C(R7)-R8-heteroaryl.

14. A compound or salt ofclaim 3 whereinRM is -R*-N(R9)-C(R7)-R](); and R9

and Rio join to form the ring.

15. A compound ofthe Formula (1-2):

(1-2)

wherein:

X is -CH(R5>, -CH(Rs)-aIkylene-, -CH(R5)-alkenylene-,

CH(R5>alkylene-Y-alkylene-;

R1-2 is selected from the group consisting of:

-R*-N(R9)-S02-R8-alkyl;

-R6-N(R9)-S02-R«-alkenyl;

-R«-N(R9>-S02-Rr-aryl;

-R6-N(R9)-S02-R}rheteroaryl;

-R^-N(R9)-S02-Rr4ieterocyclyl;

-R€-N(R9)-S02-Rio;

-R6-N(R9)-S02-N(R5)-R«-a]kyl;

-Ri-N^-SOz-NOlsV-Rralkenyl;

-R«-N(R9)-S02-N(R5)-Rraryl;

-Rs-N(R9>S02-N(Rs)-R8-heteroaryl;

-Re-N^^Oz-N^Rg-heterocyclyl; and

-Rfi-NCRO-SOrNHz;

R2 is selected from the group consisting of:

-hydrogen;
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-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

5 -heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

10 group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(O)-Ci.10 alkyl;

15 -C(0>0-Cmo alkyl;

-N3 ;

-aryl;

-heteroaryl;

-heterocyclyl;

20 -C(0)-aryl; and

-C(0>heteroaiyl;

Yis-0-or-S(0)o.2S

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo

alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

25 dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl;

R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

Rg is a bond, alkylene, alkenylene, or alkynylene which may be interrupted by one

30 or more -O- groups;

R9 is hydrogen, Cmo alkyl, or arylaBcyl; or R9 can join together with any carbon

atom of to form a ring of the formula
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r-
9

Rio is hydrogen or C,.,0 alkyi; orR9 andR10 canjoin togelher to form a ring

selected from

—N-S02o
Rl2

;and

5 Rn is C2.7 alkylene which is straight chain or branched, wherein the branching
does not prevent formation ofthe ring,

or a phannaceutically acceptable salt thereof

16. A compound or salt of claim 15 whereinR3 and R4 are independently hydrogen,
10 alkyi, halogen, or nitro.

17. A compound or salt ofclaim 15 wherein R3 and R» are both methyl.

18. A compound or salt ofclaim 15 wherein X is -CH(R5)-C,.5 alkylene-
15

19. A compound or salt ofclaim 15 wherein R2 is hydrogen.

20. A compound or salt of claim 15 wherein R2 is alkyi.

20 21. A<»mpoundorsaltofclaiml5wheremR
2 is-allcylene^-alkyl.

22. A compound or salt ofclaim 15 wherein R, is methyl.

23. A compound or salt ofclaim 15 whereinRN2 is -Rfi-N^-SOj-Rg-alkyL
25

24. A compound or salt ofclaim 15 wherein R,.2 is -Rs-N^-SO.-Rs-aryl or

-Rfi-NCRsKSOz-Rg-heteroaryl.

25. A compound or salt ofclaim 15 wherein R,.2 is-R^N^h-SCfe-Rio.
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26. A compound or salt of claim 25 wherein R9 and Rio join to form the ring.

27. A compound ofthe Formula (1-3):

X is -CH(R5)-, -CH(R5)-alkylene-, -CM(Rs>alkenylene-, or

CH(R5)-alkylene-Y-alkylene-;

R1.3 is selected from the group consisting of:

-R6-N(R9>-C(R7)-N(R5)-Q-R8-a]kyU

-R<rNCR<>)- C(R7>-N(Rs)-Q-R8-aIkenyl;

-Re-N(R9)- C(R7)—N(Rs)-Q-R«-aryl;

-R«-N(R9>- C(R7)—N(Rs)-Q-R8-heteroaryl;

-Rff-N(R9)- C(R7)—N(R5)-Q-R8-heterocyclyl;

-Rs-N^-C^-NCRs^;

r\
-R^-N^K^-N A;

-R6-NCR9)- C(R7)-N(R„K>-R8-alkyl;

-R«-N(R9>- C(R7)-N(Ru)-Q-R8-alkenyl;

-R6-N(R9>- C(R7)-N(Ru)-Q-R8-aryl;

-R«-N(R9)- C(R7)—N(Ru>-Q—Rg-heteroaryl;

-R^-N(R9>- C(R7)—N(Rn)-Q-Rr4ieterocyclyl; and

-R<rN(R9>- C(R7)-N(R„)H;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

X—O—R,^

a-3)

. wherein:
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-aryl;

-heteroaryl;

-heterocyclyl;

-alkyiene-Y-alkyl;

5 -alkyiene-Y- alkenyl;

-alkylene-Y-aryi; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

10 -halogen;

-Nfl^;

"C(O>CM0 alkyl;

-C(0)-0-Cmo alkyl;

-N3 ;

15 -aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryl;

20 YisK)-or-S(0)o.2-;

Q is a bond, -C(0)-, or -~SOr-; and

A represents the atoms necessary to provide a 5- or 6- membered heterocyclic or

heteroaromatic ring that contains up to three heteroatoms;

R3 and R, are independently selected from the group consisting ofhydrogen, C,.10

25 alkyl, Cwo alkenyl, Quo alkynyl, CM0 alkoxy, C,.I0 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each Rs is independently hydrogen, C,.io alkyl, or C2-io alkenyl;

Rs is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

30 eachR7 is=Oor=S;

Rs is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one
or more —O— groups;
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R9 is hydrogen, Ci-io alkyl, or arylalkyl; orR9 can join together with any carbon

atom of to form a ring of the formula

-O- .

Ru is C\,\o alkyl; or R9 and Rn can join together to form a ring having the

5 structure

— N-C(R7 )

C y-
(CH2)2./

or a phaimaceutically acceptable salt thereof.

28. A compound or salt ofclaim 27 wherein R3 and R4 are independently hydrogen,

10 alkyl, halogen, or nitro,

29. A compound or salt of claim 27 whereinR3 and R4 are methyl.

30. A compound or salt of claim 27 wherein X is -CH(R5)-Ci.5 aflcylene-.

15

31. A compound or salt of claim 27 wherein R2 is hydrogen.

32. A compound or salt ofclaim 27 wherein R2 is alkyl.

20 33. A compound or salt of claim 27 wherein R2 is -alkylene-O-alkyl.

34. A compound or salt ofclaim 27 wherein R1.3 is

25 35. A compound or salt of claim 27 wherein RM is -R€-N(R9)-C(R7)*-N(R5>-Q-R«-

alkyl.
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36. A compound or salt ofclaim 27 whereinRM is -R^N(R,)^C(R7>-N(R5K>-R^
aiyior

-IWRs> 7̂)-N(^

37. A compound or salt ofclaim 27 wherein Q is a bond

38. A compound or salt ofclaim 27 whereinR5 is alkyl.

39. A compound or salt ofclaim 27 whereinR7 isKX

40. A compound ofthe Fonnula (1-4):

(1-4)

wherein:

X is -CH(R5>, -CH(R5)-alkylene-, -CH(R5)-alkenyIene-,
CH(R5)-alkylene-Y-alkylene-;

RM is selected from the group consisting of:

-alkenyl;

-aryl; and

-R^-aryl;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;
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-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

5 - alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2 ;

10 -C(O)-CM0 alkyl;

-C(0)-O.Cmo alkyl;

-N3;

-aryl;

-heteroaryl;

15 -heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryl;

Yis-0-or-^S(0)o-2S

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo

20 alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and

R$ is alkylene, aDcenylene, or alkynylene, which may be interrupted by one or

more —O- groups;

25 or a pharmaceutical^ acceptable salt thereof.

41. A compound or salt ofclaim 40 wherein R3 and R4 are independently hydrogen,

alkyl, halogen, or nitro.

30 42. A compound or salt ofclaim 40 wherein R3 and R4 are both methyl.

43. A compound or salt ofclaim 40 wherein R2 is hydrogen.
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44. A compound or salt ofclaim 40 wherein R2 is alkyl.

45. A compound or salt ofclaim 40 wherein R2 is -aikylene-O-alkyl.

46. A compound or salt ofclaim 40 whereinRM is -aryl or -Rs-aryl.

47. A compound or salt ofclaim 46 wherein aryl is phenyl or substituted phenyl.

48. A compound or salt ofclaim 40 wherein R« is alkynylene.

49. A compound or salt ofclaim 40 wherein X is -CH(R5>C,.5 alkylene-.

50. A compound or salt ofclaim 40 wherein R* is -<CH2)M-.

51. A compound ofthe Formula (1-5):

a-5)

wherein:

X is -CH(R5)-, -CH^alkylene-, -CH(R5>aIkenylene-, or

CH(R5>alkylene-Y-aIkylene-;

R1.5 is selected from the group consisting of:

-heteroaryl;

-heterocyclyl;

heteroaryl; and

-Rtf-heterocyclyi;

R2 is selected from the group consisting of:
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-hydrogen;

-alkyl;

-alkenyl;

-aryl;

5 -heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryi; and

10 - alkyl or alkenyl substituted by one or more substituents selected ftom the

group consisting of:

-OH;

-halogen;

-N(R5)2;

15 -C(0)-CMo alkyi;

-C(0)-0-Ci-io alkyl;

-N3;

-aryl;

-heteroaryl;

20 -heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryI;

Yis-0-or-S(0)o-2S

R3 and R* are independently selected from the group consisting ofhydrogen, Clio

25 alkyl, C2-10 alkenyl, Cmo alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2.10 alkenyl; and

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

30 or a pharmaceutically acceptable salt thereo£
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53.

5

54.

55.

10 56.

57.

58.

15

59.

60.

20 61.

A compound or salt of claim 51 wherein R3 and R4 are independently hydrogen,

I, halogen, or nitro.

A compound or salt ofclaim 5 1 whereinR3 and R4 are both methyL

A compound or salt of claim 51 wherein R2 is hydrogen.

A compound or salt ofclaim 5 1 wherein R2 is -alkyl.

A compound or salt ofclaim 5 1 whereinR2 is -alkylene-O-alkyl.

A compound or salt ofclaim 5 1 wherein R,.s is -heteroaryl or -Rs-heteroaryl.

A compound or salt ofclaim 5 1 wherein R,.5 is -heterocyclyl or -Re-heterocyclyl.

A compound or salt ofclaim 51 whereinX is -CH(R5)-C,_5 alkyiene-.

A compound or salt ofclaim 51 wherein R> is -(CH2)M—

A compound ofthe formula (1-6):

(1-6)

wherein:

X is -CH(R5)-, -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or

CH(R5)-alkylene-Y-a]kylene-;

R1-6 is selected from the group consisting of:

30 -alkyl;
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-aryl;

-heteroaryl;

-heterocyclyl;

-alkenyl;

5 -IVaryl;

-R$- heteroaryl;

-R$-heterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

10 -alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

15 -alkylene-Y-alkyl;

- alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

20 -OH;

-halogen;

-N(R5)2 ;

-C(0)-Cmo alkyl;

-C(OM>-Cmo alkyl;

25 -N3 ;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

30 -C(0>heteroaryl;

Yis-0-or-S(0)o.2-;
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R3 and R4 are independently selected from the group consisting ofhydrogen, C\.\q

alkyl, Quo alkenyl, C2-10 alkynyl, CH0 alkoxy, C,.,0 alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, CM0 alkyl, or C2-to alkenyl; and

R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more-O— atoms;

or a pharmaceutical acceptable salt thereof

62. A compound or salt ofclaim 61 wherein -S(0)o-2- is -S-.

63. A compound or salt ofclaim 61 wherein -S(0)o-2- is -SO-.

64. A compound or salt of claim 61 wherein -S(0)o.2- is -S(0)2-.

65. A compound or salt ofclaim 61 wherein R3 and R4 are independently hydrogen,

alkyl, halogen, or nitro.

66. A compound or salt ofclaim 61 whereinR3 and R4 are both methyl.

67. A compound or salt of claim 61 whereinR2 is hydrogen.

68. A compound or salt of claim 61 whereinR2 is -alkyl

69. A compound or salt ofclaim 6 1 whereinR2 is -alkylene-O-alkyl.

70. A compound or salt ofclaim 61 wherein Rj^ is alkyl.

71. A compound or salt of claim 61 wherein Ri_6 is aiyl.

72. A compound or salt ofclaim 61 wherein Ri^ is substituted aryl.

73. A compound or salt ofclaim 61 wherein is heteroaryl.
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74. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim 1 in combination with a pharmaceutically acceptable carrier.

75. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim 2 in combination with a pharmaceutically acceptable carrier.

76. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound of claim 3 in combination with a pharmaceutically acceptable carrier.

77. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim IS in combination with a pharmaceutically acceptable carrier.

78. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim 27 in combination with a pharmaceutically acceptable carrier.

79. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim 40 in combination with a pharmaceutically acceptable carrier.

80. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim 51 in combination with a pharmaceutically acceptable carrier.

81. A pharmaceutical composition comprising a pharmaceutically effective amount of

a compound ofclaim 61 in combination with a pharmaceutically acceptable carrier.

82. A method of inducing cytokine biosynthesis in an animal comprising administering

an effective amount of a compound ofclaim 1 to the animal.

83. A method of claim 82 wherein the cytokine is interferon - a.

84. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount of a compound ofclaim 2 to the animal.

284



WO 03/103584
PCT/DS03/17659

85. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount of a compound ofclaim 3 to me animal.

86. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount of a compound ofclaim 15 to the animaL

87. A method ofinducing cytokine biosynthesis in an animal comprising admiriistering

an effective amount ofa compound ofclaim 27 to the animaL

88. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount of a compound ofclaim 40 to the animaL

89. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount ofa compound ofclaim 51 to the animal.

90. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount ofa compound ofclaim 61 to the animal

91. A method oftreating a neoplastic disease in an animal comprising administering an

effective amount ofa compound ofclaim I to the animaL

92. A method oftreating a neoplastic disease in an animal comprising administering an

effective amount of a compound ofclaim 2 to the animaL

93. A method oftreating a neoplastic disease in an animal comprising administering an

effective amount of a compound ofclaim 3 to the animal.

94. A method oftreating a neoplastic disease in an animal comprising administering an

effective amount ofa compound ofclaim 15 to the animaL
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95 . A method of treating a neoplastic disease in an animal comprising administering an

effective amount of a compound of claim 27 to the animal.

96. A method of treating a neoplastic disease in an animal comprising administering an

5 effective amount of a compound ofclaim 40 to the animal.

97. A method oftreating a neoplastic disease in an animal comprising administering an

effective amount of a compound of claim 51 to the animal.

10 98. A method of treating a neoplastic disease in an animal comprising administering an

effective amount ofa compound ofclaim 61 to the animal.

99. A method oftreating a viral disease in an animal comprising administering an

effective amount of a compound ofclaim 1 to the animal.

15

100. A method of treating a viral disease in an animal comprising administering an

effective amount of a compound ofclaim 2 to the animal.

101 . A method of treating a viral disease in an animal comprising administering an

20 effective amount of a compound ofclaim 3 to the animal.

102. A method oftreating a viral disease in an animal comprising administering an

effective amount of a compound ofclaim 1 5 to the animal.

25 103. A method of treating a viral disease in an animal comprising administering an

effective amount of a compound of claim 27 to the animal.

104. A method of treating a viral disease in an animal comprising administering an

effective amount of a compound ofclaim 40 to the animal.

30

105. A method oftreating a viral disease in an animal comprising administering an

effective amount of a compound ofclaim 51 to the animal.
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106. A method oftreating a viral disease in an animal comprising administering an

effective amount ofa compound ofclaim 61 to the animal.

107. A compound ofthe Formula II:

NH
2

(H)

wherein

X is -CH(R5X -CH(R5>alkylene-, -CH(R5)-alkenyIene-, or

CH(R5>alkylene-Y-alkylene-;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryi; and

- 'aIky1 or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;
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-CCOKi-ioalkyi;

-C(O>O-CM0 alkyl;

-N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(0)-heteroaryl;

Yis-0-or^S(0)o.2-;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl;

R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more-O— atoms; and

R9 is hydrogen, Cmo alkyl, or arylalkyl; orR9 can join together with any carbon

atom ofR* to form a ring ofthe formula

(CH2)M
or a pharmaceutical^ acceptable salt thereof.

108. A compound of the Formula IV:

OPh

S(0)
(

(IV)
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wherein:

X is -CH^K -CH(R5)-alkylene-, -CH(R5>alkenylen(^ or

CH(R5)-alkjdene-Y-alkylene-;

Ri^ is selected from the group consisting of:

-alkyl;

-aryl;

-heteroaryi;

-heterocyclyl;

-alkenyl;

-R<r-aryl;

-R$- heteroaryi;

-IVheterocyclyi;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aiyl;

-heteroaryi;

-heterocyclyl;

-alkylene-Y-alkyl;

- alkyene-Y- alkenyl;

-alkylene-Y-aryl; and

-alkyl or alkenyl substituted by one ormore substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(0>CMo alkyl;

-C(0)-0-Cmo alkyl;

-N3 ;

-aiyl;
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-heteroaryl;

-heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryI;

5 Yis-0-or-S(0)o.2S

R3 and R4 are independently selected from the group consisting ofhydrogen, Cj-

alkyl, C2-10 alkenyl, C2-10 aDcynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylaniino,

dialkylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyi, or C2-10 alkenyl; and

R6 is alkylene, alkenylene, or aDcynylene, which may be interrupted by one or

more-O— atoms;

or a pharmaceutical^ acceptable salt thereof.

1 09. A compound ofthe Formula V:

S(Ok2

15

(V)

wherein:

20 X is -CH(R5K -CH(Rs)-alkylene-, -CH(R5)-aIkenylene-, or

CH(R5>alkylene»Y-alkylene-;

Ri-6 is selected from the group consisting of:

25

-alkyl;

-aryl;

-heteroaryl;

-heterocyclyl;
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-alkenyl;

-R^aryl;

-R$-heteroaryl;

-R$-heterocyclyl;

R2 is selected Scorn the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

- alkylene~Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(O>CM0 alkyl;

-C(O)-O-CM0 alkyi;

-N3 ;

-aiyl;

-heteroaryl;

-heterocycl>i;

-C(0)-aiyl; and

-C(0)-heteroaryl;

Yis-0-or^S(0)o.r;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo

alkyl, C2.10 alkenyl, C2-10 alkynyl, Clio alkoxy, CMo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

each Rs is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and
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R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more-O— atoms;

or a pharmaceutical^ acceptable salt thereof.

5 1 10. A compound selected from compounds ofFormulas LEX-1, LDC-2, and LIX-3:

(LIX-1

ilX-2

10 LK-3)

herein:

RM,2i3 is Rm in UX-1, Ri.2 in LIX-2, and Ri.3 inUX:3;

X is -CH(R5)-, -CH(R5)-alkyiene-, -CH(R5>alkenylene-, or

15 CH(R5)-alkylene-Y-alkylene-;

Rm is selected from the group consisting of:

-R^CRtV-Z^-Rs--alkyl;

-R^R^Z-Rs—alkenyl;

-R^-C(R7)-Z-R8—aryl;

20 -R^C(R7>-Z-Rs—heteroar>d;

-R^-C(R7)-Z-R8—heterocyclyl;

-Re-CtR-jy-Zr-K;

-R*-N(R9) -€(R7)~R«-alkyl;

-R^I(R9) -C(R7)-R8~~alkeny];

25 -R6-N(R9)-C(R7>-R«-aryl;

-R^-N(R9H:(R7)-Rr-heteroaryl;

-R6-N(R9>-C(R7>-RHieterocyclyl; and

-R<s-N(R9) -C(R?)-Rio;

Ri-2 is selected from the group consisting of.

30 -R6-N(R9)-S02-Rs-alkyl;
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-R«-N(R9)-S02-Rr-alkcnyl;

-Rfi-N(R9)-SOr-R8-aryl;

-R^-N(R9>-SOr^Hieteroaryl;

-R^-NCR^O^RHieterocyclyl;

-I^-NCRg)—SO2-R,0;

-lU-NCR^^SOz-N^Rs-alkyl;

-R^-NCRfl^Oz-NCRs^Rg-alkenyl;

-R6-N(R9)-S02-N(R3>Rs-aiyl;

-R«-N(EU)-SOrN(R5)-R«-heteroaryl;

-R6-N(R9)-S02-N(R5)-R8-heterocyclyl; and

-R«-N(R9)-S02-NH2;

R1.3 is selected fiom the group consisting of:

-R^N(R<,)-C(R7)-N(R5)-Q-R«-alkyl;

-R^N(R9)-C(R7)—N(R5)-Q-R8-aIkenyl;

-IV-N^H^RvJ-NCRsKi-Rs-aryl;

-R^(R9)- C(R7)-N(R5)-Q-RHieten)aryl;

-Rs-N(R9)- C(R7)-N(R5)-Q-R«-heterocyclyl;

-RrN(R9)-CCR7>N A;

-R6-N(R9>-C(R7)-N(Rn)-Q-Rr-alkyi;

-R«-N(R9)-C(R7)—N(Rii)-Q—Rg-alkenyl;

-R«-N(R9)-C(R7)-N(Rn)-Q-R«-aryl;

-R«-N(R9>- C(R7)-N(Ri i)-Q-Rj-heteroaryl;

-Rs-NCR^y-CtR^NCRnKJ-Rj-heterocyclyl; and

-R^-N^)- C(R7)-N(R, ,)H;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-aryl;

-heteroaryl;
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-heterocyclyl;

-alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

5 - alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

10 -C(O)-CM0 alkyl;

-C(0)-0-Cmo alkyl;

-N3;

-aryi;

-heteroaryl;

15 -heterocyclyl;

-C(0)-aryl; and

-C(0)-heteroaryi;

Yis-0-or-S(0)o.2S

Z is-N(R5}-, -O, or -^S-;

20 Q is a bond, -CO-, or -SOrS

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or

heteroaromatic ring that contains up to three heteroatoms;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo

alkyl, Cmo alkenyl, C2-io alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

25 dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, Cmo alkyl, or C2-io alkenyl;

R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

R7 is=Oor=S;

30 Ra is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one

or more -O- groups;
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R9 is hydrogen, Cmo alkyl, or arylalkyi; orR9 can join together with any carbon

atom ofR6 to form a ring ofthe formula

Rio is hydrogen or Cmo alkyl; or R9 and Rio canjoin together to form a ring

5 selected from

— N-C(R7) —N~S02

*** and ^ ;

R11 is Cmo alkyl; or R9 andRu canjoin together to form a ring having the

structure

— N-C(R7)

C y-
(CH2>2-7 ;and

10 Rn is C2.7 alkylene which is straight chain or branched, wherein the branching

does not prevent formation ofthe ring;

or a phannaceutically acceptable salt thereof.

111. A compound selected from compounds ofFormulas LDC-4, and LDC-5:

15

(LDC-4

LDC-5)

20 wherein:

RMi 5 isRm in LDC-4, and R1-5 in LDC-5;

X is -CH(R5)-, -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or

CH(R5>alkylene-Y-alkylene-;

Rm is selected from die group consisting of:

25 -alkenyi;
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-aryl; and

-R^-aryl;

R1.5 is selected from the group consisting of:

-heteroaryl;

5 -heterocyclyl;

-R^- heteroaryl; and

-R*-4ieterocyclyl;

R2 is selected from the group consisting of:

-hydrogen;

10 -alkyl;

-alkenyl;

-aryl;

-heteroaryl;

-heterocyclyl;

15 -alkylene-Y-alkyl;

-alkylene-Y- alkenyl;

-alkylene-Y-aryl; and

- alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

20 -OH;

-halogen;

-N(R5)2;

-C(O>CM0 alkyl;

-C(0>0-Cmo alkyl;

25 -N3;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

30 -QO>heteroaryi;

Yis-0-or-S(0)<«S
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R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo

alkyl, C2.io alkenyl, C2-io alkynyl, Clio alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and

5 B^is alkyiene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups;

or a pharmaceutically acceptable salt thereof

1 12. A compound ofthe Formula LVIII:

10

(LVIII)

wherein

X is -CH(R5)-, -CH(R5>alkylene-, -CH(R5)-alkenylene-, or

15 CH(R5>alkylene-Y-alkylene-;

R2 is selected from the group consisting of.

-hydrogen;

-alkyl;

-alkenyl;

20 -aiyl;

-heteroaryl;

-heterocyclyl;

-alkylene-Y-alkyl;

-alkyiene-Y- alkenyl;

25 -alkyiene-Y-aryl; and
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-alkyl or alkenyl substituted by one or more substituents selected from the

group consisting of:

-OH;

-halogen;

-N(R5)2;

-C(O>Ci-i0 alkyl;

-C(O)-O-CM0 alkyl;

-N3 ;

-aryl;

-heteroaryl;

-heterocyclyl;

-C(0>aryl; and

-C(0)-heteroaryl;

Yis-0-or^S(O)(«-;

R3 and R4 are independently selected from the group consisting ofhydrogen, C^o

alkyl, C2-10 alkenyl, C2-io alkynyl, CM0 alkoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

eachR5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl;

R$ is alkyiene, alkenylene, or alkynylene, which may be interrupted by one or

more-O— atoms; and

R9 is hydrogen, Cmo alkyl, or arylalkyl; orR9 canjoin together with any caibon

atom ofR^ to form a ring ofthe formula

or a pharmaceutical^ acceptable salt thereof.
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1 13. A compound of fee Formula LXXVIII:

BOC

(LXXVIII)

5 wherein

X is -CH(R5)-, -CH(R5>alkylene-, -CH(R5>alkenyIene-, or

CH(R5>alkylen6-Y-alkylene-;

Yis-0-or-S(0)o-r;

BOC is terf-butoxycarbonyl;

10 R3 and R4 are independently selected from the group consisting ofhydrogen, Cmo

alkyl, C2-io alkenyl, C2-10 alkynyl, Cmo aflcoxy, Cmo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

1 5 more-O— atoms;

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon

atom ofR$ to form a ring ofthe formula

each Rs is independently hydrogen, Cmo alkyl, or C2-10 alkenyl;

R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or

; and

T is selected from nitro and amino;

20 or a pharmaceutical^ acceptable salt thereof
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114. A compound ofthe Formula LXXK:

T

NH

X

OH

(LXXK)

wherein

X is -CH(R5>, -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or

CH(R5>alkylene-Y-alkylene-;

Yis-O-or^S(0)<«-;

R3 and R4 are independently selected from the group consisting ofhydrogen, Cm

alkyl, C2-to alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino,

diaDcylamino, halogen, and nitro;

each R5 is independently hydrogen, Cmo alkyl, or C2.io alkenyl; and

T is selected from nitro and amino;

or a pharmaceutical^ acceptable salt thereof.

115. A compound selected from compounds ofFormulas LXXX-4 and LXXX-5

:

RH5
(LXXX-4
LXXX-5)

wherein

RH5 isRm in LXXX-4, and R,_5 in LXXX-5;

X is -CH(R5>, -CH(Rj)-alkylene-, -CH(R5)-alkenylene-, or
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CH(R5)-alkylene-Y-alkylene-;

Yis-0-or-S(0)o.2S

R1-5 is selected from the group consisting of.

-heteroaryl;

5 -heterocyclyl;

-R$- heteroaryl; and

-R^-heterocyclyi;

RM is selected from the group consisting ofi

-alkenyl;

10 -aryl; and

-R^-aryl;

R3 and R4 are independently selected from the group consisting ofhydrogen, Ci

alkyl, C2-10 alkenyl, C2-10 alkynyl, CM0 alkoxy, CWo alkylthio, amino, alkylamino,

dialkylamino, halogen, and nitro;

1 5 each R5 is independently hydrogen, Cmo alkyl, or C2.10 alkenyl;

R$ is alkyiene, alkenylene, or alkynylene, which may be interrupted by one or

more -O- groups; and

T is selected from nitro and amino;

or a pharmaceutical^ acceptable salt thereof

20
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